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Technical Report Documentation

In this research, a methodology for estimating road user costs of various competing
dternatives was developed. Also, software was developed to calculate the road user codt,
perform economic analyss and update cost tables. The methodology is based on the manud
entitted “A Manua on User Benefit Andyds of Highway and Bus-Trandt Improvements’
which was published in 1977 by American Associaion of State Highway and Transportation
Officias. The report contains procedures for the caculation of the road user costs, economic
analysis and updates of cost tables based on the latest Consumer Price Indices and Producer
Price Indices are available.

The software application has been developed in Visud Basic® 5, which interacts with
the cogt tables, stored in MS-Exced workbooks, according to the user inputs. The software
aoplication was later updated to Visud Basic® 6 when it was indtdled & WVDOH. The
software gpplication congsts of two modules, “Road User Cost Application” and “Economic
Andyss” Module 1 consgs of two sub-modules, “Road User Cogt Application” and
“Update Cogt Tables and Indices” The use of this software will dlow computation of the
road user costs and economic andyss to be completed in a more efficient manner and will
assig the decison-makers in sdlecting the most desirable dternatives for improvement and/or

expandon of the highway system.
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Chapter 1: Introduction and Resear ch Objectives

1.1 Background

The United States of America can be described as a “nation on wheds’. The
government has given the highest impetus to the growth of highways for they are the lifdines
of this country. The period from 1920 to 1970 might well be caled the “automobile age’ for
during this period highway trangportation assumed a dominant role in America. This era is
dso referred to as the Modern Highway Development era for the birth and development of
the modern Interstate Highway System.

“With the completion of the Interstate Highway System, highway agencies are
increasingly focusing attention on reconstruction and improvement of existing highway
systems. The new improvements to existing facilities are being subjected to maximum
scrutiny, and a formal economic evaluation of the economic impact is becoming
commonplace.” [Wright, 1996]

This report presents a methodology for calculating road user cost based on the 1977
Manud entitted “ A User Benefit Andyss for Highway and Bus Trangt Improvements’. The
1977 Manud provides cogt factors, nomographs, and guidelines for estimating the economic
effects of highway condruction. These include most types of highway improvements, such as
curve diminatiion, widening or adding lanes, reducing gradients, new road construction, and
intersection controls. The question faced by highway planners is whether the benefits from
the reduced user costs for a certain highway exceed the costs required to produce these
benefits. Highway improvement dternatives may include:

Congtruction of new Freeways, expressways, or roads without access control to



supplement or replace existing roads.

Widening of existing roads or recongtruction to higher geometric standards.

Straightening or diminating curves.

Grade changes, and passing lanes on grades.

Ingtaling traffic control devices (e.g. Sgnds, Sgns, barriers).

The 1977 Manua has various sets of nomographs that can be used to caculate the road
user cost in a gep by sep fashion. This Manud is based on the research conducted by the
Stanford Research Ingitute (SRI) under NCHRP Project 2-12, “Highway User Economic
Anayss’. It describes the theoreticd bass for the methodology for economic anayss, the
bass of cost factors, and the techniques for congtructing nomographs, al developed for use
in the Manud. The Manua provides step-by-step procedures and guiddines, cost factors,
nomographs and tables for edimating the economic effects of highway improvements on
highway users. The approach to highway improvements expounded in the Manud requires
divison of highway proects into geometricdly Smilar sections (or compodtes of severd
smilar sections) that can then be evauated repidly through the nomographs and tabular data
that are provided for severd highway and vehicle types. A brief description of the Manud is
presented in Chapter 2.

Since highway projects are planned, designed, constructed and operated with public
funding, it is criticd that economic andyss be done with prudence. In addition to
determining the best project with maximum potentia, economic anayses provide not only
the present Stuation but aso the future of the project. The Intermoda Surface Trangportation

Efficency Act (ISTEA) empheszes assessment of multimodd dternatives and demand



management drategies [Decorla-Souza et. d., 1997]. This emphasis has increased the need
for planers to provide good comparative information to decison-makers. Cost-Benefit
andyss is a usgful tool for comparison of the economic worth of dternatives and evauates
the trade-off between economic benefits and costs.

“Section 303,” Quality Improvement,” of the National Highway Designation Act,
amends Section 106 of Title23, United States Code (U.S.C.), by adding a new Subsection (€)
entitled “ Life Cycle Cost Analysis (LCCA).” Title 23, U.SC., Subsection 106(e)(1) now
directs the Secretary to program that requires States to conduct a life cycle cost analysis of
each NHS high cost ($25,000,000 or more) usable project segment. This subsection further
defines LCCA as “a process for evaluating the total economic worth of a usable project
segment by analyzing initial costs and discounted future cost, such as maintenance,
reconstruction, rehabilitation, restoring and resurfacing costs, over the life of a project
segment” [FHWA Policy Memorandum, 1996].

As used in the LCCA required by 23 U.S.C., 106(e), the following definitions are defined
in the FHWA Policy Memorandum in 1996:

“High Cost” refersto usable project segments estimated to cost $25 million or more.

“ Usable Project Segment” refers to a portion of a highway which a state proposes to

construct, reconstruct or improve that when completed could be open to traffic independent
of some larger overall project. Such a * usable project segment” could be completed under a
single contract or in multiple phases over several years.

To decide between dternatives, sound economic decisons and detailled andysis are
required in order to make a choice. Cost effective choice over the life of the asset becomes

inevitable. Future high cogts or short life of a project can offsat low initid cost advantages.
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The time vdue of money and wdl-recognized economic andlysis procedures are important
condderations in the decison making process. Forma anadyds usng engineering economics
can provide an answer.

Engineering economics provide a way to choose between dternatives when the
expenditure of capital funds comes into play. Three basic steps are involved in conducting an
economic andysis [Stanford Research Indtitute, 1961]:

1) Identify and define the different dternatives among which a sdlection is to be made.

2) ldentify and define the various dements or factors that may result in differences in
the cogt of the dternatives and remove from further consderation al events that have
happened or may happen regardless of which aternativeis sdected.

3) Reduce dl of the dterndives to a comparable basis by trandating dl of the applicable
factors to a common dollar base and then make a cost comparison among the
dternatives over time, conddering the time vdue of money through the use of the
compound interest.

Life Cycle Cogt Anaysis is the most gppropriate economic evauation technique. This
andyss congders dl the cogts incurred in the life of a project. Two important definitions
follow:

Life Cycde Coding- Economic assessment of an item, area, system, or competing desgn

dterndtives conddering dl dgnificant coss of ownership over the economic life,
expressed in terms of equivaent dollars [Dell’ Isolaet. d., 1981].

Life Cyde Desgn- Andyds which condders the condruction, operation, and

maintenance of afacility during its entire design life [Lindow, 1978].
Life Cycde Cods incdude dl codts anticipated over the life of the fadlity. The

4



economic andyss requires identifying and evauating the economic consequences of
various aternatives over time or the life cycle of the dternative [Peterson, 1985].
Costs incurred in the highway reconstruction include:
Initial Congtruction Cost
Maintenance Costs
Residua Costs
Road User Cost

Right of Way Cogts

1.2 Need for Research

This report is based on a project sponsored by the West Virginia Divison of
Highways (WVDOH). The project involved development of turnkey software, based on the
1977 Manual to be used by the WVDOH to compute the road user cost for various projects.

The methodology described in the Manud is quite detaled and time consuming
leaving many avenues where the user can commit error. Also, reading the nomographs and
tables can be a cumbersome process because of the large amount of information to be
processed to cdculate the total road user cost.  The Divison of Highways found it quite
necessary and important to develop a smplified software, which can be used to caculate
road user cost in a more efficient manner and have the cepability to compare various

dternative scenarios.



1.3 Resear ch Objectives

The objective of this research was to develop a user friendly computer package based
on the 1977 Manud. A complete package was to be developed such that the user can
compute the road user cost, do an economic analysis and update the codts to the current year
based on the latest cods avalable, taking into consderation both the time vaue of money
and inflation. The research dso involved gathering information from WVDOH officids. The

research methodology is described in the next section.

1.4 Resear ch M ethodology

Based on the requirements and specifications identified by discusson with WVDOH
officids, the application was developed using Microsoft's Visud Basc® 5.This software is
dso cdled the front-end software because it interacts with the user and the database. The
software is versatile and has some of the latest features required for client-server architecture.
The database has been created in MS-Excd where dl the data required in caculating the user
costs are stored. Visua Basic? 5 forms a bridge between the user and the database. It helps
the user to retrieve necessary information depending on the various choices for input and
caculate total wer codts for a project. User friendly screens were developed for this purpose
where the user can fill in the inputs. These inputs are processed and required tables are

referred to automatically to caculate the various components of the road user cost.

1.5 Organization

The report condgts of five chapters. Chapter 2 presents a review of the literature



regarding the basic work done in this field and various software used by the departments of
trangportation in different states. Chapter 3 presents the nethodology followed and the ligt of
steps used to compute the road user cost. Chapter 4 conssts of the software description, the
flowchart for the software, and its mode of operation. Chapter 5 summarizes the conclusons
drawn from this research. It also presents the future recommendations that can be carried out

on this research. The user manua for the software isincluded in the Appendix.



Chapter 2: Literature Review

Highway user cost benefit andyss has been a hot topic of discusson for a long time.
Vaious federd laws have made it imperaive to cary on economic analyss for projects
worth over twenty five million dolas The Nationd Cooperative Highway Research
Program is an organization carying out research in the vaious fidds like adminigtration,
transportation planning, design, materids and condruction, maintenance, traffic, soils and
geology and some specid projects. They have sponsored some research in the fidd of
economics that comes under highway adminigration projects [NCHRP, 1998]. The 1977
Manua is aso a product of the research sponsored by NCHRP. These projects are NCHRP
Projects 2-12 and 2-12/1 and were carried out at the Stanford Research Indtitute.

The next section gives a description of various software that has been developed for
the economic anaysis applications. This chapter dso gives a brief description of the 1977

Manud.

2.1 Road User Economic Analysis
This section presents various software that are avalable for peforming various
aspects of economic analysis for highway congtruction and improvement.
1) MicroBencost- This software, dso cdled Microcomputer Evauation of Highway User
Benefit, is an effort to computerize the 1977 Manud (dso known as the Red Book). The
research is Project 712 of NCHRP projects and has been conducted at the Texas A&M

Research Foundation under the supervison of Dr. William F. McFarland. The objective



2)

of this project was to develop a comprehensive, user-friendly, portable microcomputer
program to conduct comprehensive highway user bendfit-cost analyss. The program uses
support data that can be updated. The focus of the research was directed to andyses a a
recarch level and its immediate area impact. This project condituted review of
procedures used in the user cost-bendfit andyses to identify data required for
determination of vehicle operating codts, accident reduction benefits, travel time vaues,
and other appropriagte factors, limited updating of basc data, development of
microcomputer software to facilitate the anadyses procedure and preparation of user
manua and software documentation. The MicroBENCOST software developed as part of
this project is cagpable of performing life cycle cost andyss for a variety of project types
and scope, using both default values and user-provided data inputs [NCHRP, 1993]. The
software is being enhanced under NCHRP Project 7-12(2) [17].

Highway Economic Requirements Sysem (HERS)- The Highway Economic
Requirements System was designed to perform highway needs analyses that reflect both
the current condition of the highway sysem and the estimated costs and benefits of
potentia improvements to the system. Jack Faucett Associates developed HERS with the
assgance of Urban Inditute, Cambridge Systematics, Inc., and Bellomo-McGee, Inc.
(BMI). The system was developed for the Highway Needs and Investment Branch of the
Federd Highway Adminigration (FHWA) which is respongble for maintaining the
gysdem. The sysem enables the user to better examine codts, benefits and nationd
economic implications associated with highway options. HERS uses the description of
the current date of the highway sysem contained in Highway Performance Monitoring

Sysem (HPMS) database as a basis of dl andyses. A comprehensive description can be
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4)

found in HERS Overview [FHWA, 1994], Users Guide [FHWA, 1995] and Technica
Report [FHWA, 1996].

Surface Transport Efficiency Analyss Modd (STEAM)- This is an enhanced verson
of a planning tool cdled Sketch Planning Analyss Spreadshest Modd (SPASM), that
was developed by the FHWA in 1995 to assst planners in developing the type of
economic efficiency and other evaudtive information needed for comparing cross-moda
and demand management drategies. The software is based on the principles of economic
andyss, and dlows the devedopment of monetized impact estimates for a wide range of
transportation investments and policies [Decorla- Souza et. al., 1997].

StratBENCOST- This software is being developed by Hickling Lewis Brod Inc. as part
of the NCHRP Project 2-18/4. The mode incorporates an andyss of the network of
highways and surrounding roads. The objective of the StraBENCOST modd is to
present a methodology which dlows draegic level planners to integrate highway user
costs and benefit —cost andysis into a broad based highway invesment evaudion tool.
The modd is based on NCHRP Project 2.18 which is entitled “Research Strategies for
Improving Highway User Cod-Estimating Methodologies’ [18] and NCHRP Project
218/3 [19], entitted “Devdopment of an Innovative Highway User-Cost Edtimation
Procedure’. This software can be employed a the early stages of drategic planning. Its
key featuresinclude[19]:

Demand estimation traffic models.

Vdue of time models based on economic data

Vehicle operating cost models.

10



Environmenta effects.

Construction and disruption costs.

Risk analysis dement to account for uncertainty.

Economic evaugtion criteria

This project is dill active and has not been published yet by NCHRP [NCHRP Project 2

18/4].

2.2 The 1977 Manual

Economic andyss for highway improvement gained wide acceptance after the
publication of the AASHTO “Red Book” [AASHTO, 1952] in 1952. The Red Book was
updated in 1960. Claffey presented an updated highway user cost factors and economic
andyds methodology in his report [Claffey, 1971]. “A Manud on User Bendfit Anayss of
Highway and Bus-Trandt Improvement” was published by the American Association of
State Highway and Trangportation Officids (AASHTO) in 1977. The Manua was written to
update, extend and replace the 1960 AASHTO Report entitled “Road User Benefit Analysis
for Highway Improvements’ [Anderson et. d., 1977]. The Manua is aso based on NCHRP
Report 133 entitled “Procedures for Edtimating Highway User Cods, Air Pollution and
Noise Effects’ [Cury e. d., 1972], except for the detailed anadyss of congestion or
queuing, ar pollution and noise. It aso describes current cost factors and short cut
procedures for deding with various project types described in Winfrey's “Economic
Andyss of Highways' [Winfrey, 1968], NCHRP Report 96, “Strategies for the Evauation

of Alternative Transportation Plan” [Thomas et. d., 1970], NCHRP Report 122, “Summary
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and Evaduaion of Economic Consequences of Highway Improvements’ [Winfrey, 1971],
and NCHRP Report 146, “Alternative Multimoda Passenger Trangportation Systems-A
Comparative Andyss’ [Frye, 1973].

The highway user cogt factors in this Manud are shown as a function of either traffic
speed or of the ratio of traffic volume to highway capacity (V/C ratio). The highway and
treffic characteridtics that define highway capacity and traffic speed can be trandated into
these parameters through the use of the Highway Capacity Manud (1965) and other design
and traffic engineering references. The Manuad does not include indirect economic effects
such asland vaues and growth.

The rationde behind such a comprehensve economic andyss is the achievement of
maximum service from a given invetment. The need for economic andyds of highway
improvements was cogently put by the 1960 AASHTO report:

“The tenet that a profit should be returned on an investment applies equally as well
to highway projects as to general business ventures. It is unthinkable to enter a business
venture with only an estimate asto the initial cost. An estimate as to the continuing cost with
an appraisal to the amount of profit to be made is equally essential. For example, it would
be ridiculous for a railroad company in conducting business only the cost of the roadbed
and its upkeep. Any analysis of railroad costs necessarily includes the cost of operation,
maintenance, and depreciation of its rolling stock. In the same sense, the total cost of the
highway improvement is the cost to improve and maintain the cost of the highway and to
operateall the vehicles thereon. Thus the planning and the design of a highway, particularly
the selection of the route and choice between alternatives, can best be done, or have

decision aided, by calculating the costs of vehicle operation, accidents, maintenance, time
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etc., in addition to calculating initial costs. These establish the economic desirability of any
highway improvement.” [AASHTO, 1952]
The emphass of the 1977 manud is to hep in conducting enginegring economy

dudies to evaduate dternaives and facilitate congdructive decisonmeking for spending the

public’'s money.

13



Chapter 3: Methodology

Economic andysis for highway projects was proposed as a decison making tool as
ealy as mid-nineteenth century and gained wide acceptance until after the publications of the
AASHTO “Red Book” [AASHTO, 1952] in 1952. The Red Book was updated in 1960 and
al literature on economic andyss was refined. A Stanford Research Indtitute report prepared
for NCHRP served as a bass for the 1977 edition of the AASHTO Red Book. That
document, which contains unit highway user cost factors based on the 1975 leves of vehicle
performance characteristics and prices, remains the primary reference source for economic
andyses in the United States. It serves as the primary basis for the software developed for the
West Virginia Divison of Highways.

Highway trangportation cost is defined as the sum of the highway invesment cog, the
maintenance and operating costs, and the highway user codsts. Highway investment cost
includes the cost of right-of-way, engineering design, congruction, traffic control devices
and landscaping. Maintenance cost is the cost of presarving a highway and keeping it in
servicesble condition. Operaing cods include the costs of traffic control, lighting, and the
like.

Road user cost comprises a maor pat of the highway transportation costs. They
include motor vehicle operaing cods, the vaue of travel time, and traffic accident codts.
Usudly, only those operating codts that depend on the number of miles traveled, such as the
cost of fud, tires, engine oil, maintenance and a portion of depreciation are included in the

highway economic anadlyss. Regidration and parking fees, insurance premiums, and the time
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dependent portion of depreciation may be excluded when edimating the reduction in user
cods due to a highway improvement. Table 3.1 summarizes the components of highway

transportation costs.

Type of Cost Examples

Enginexring Desgn, Right of Way, Grading
Highway Investment Costs
and Drainage, Pavements.

Highway Maintenance Costs  |Mowing, Care of Roadside Parks, Lighting

Highway User Cogts

a Motor Vehicle Operating|Fue, Lubrication, Tires.

Costs

b) Travd Time Totd vehide-hours of travd multiplied by unit
vaue of time,

¢) Accident costs Edimated Accident Rae multiplied by Unit
Accident Cost.

Table 3.1: Type of Costs That Might be Included in the Highway Transportation Cost

Analysis

Economic gudies for highway purposes are done principaly for one or more of the
following reasons.

To determine the feasibility of aproject.
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To compare dternative configurations.

To evauae various features of highway design, for example, the type of surface to be
used.

To determine the priority of improvement.

To dlocate responghility for the costs of highway improvement among various classes of
highway users and some indirect benefit to non-users.

Occasondly, to compare proposads for highway improvement with proposds for other

publicly funded projects.

3.1 Definitions
The definitions that follow include the principd technica terms used in the report and have
been adapted from the 1977 Manua. The listing is broken down into two categories:

economic analysis definitions and highway traffic characterigtic definitions.

3.1.1 Economic Analysis Definitions

Transportation Improvement Cost- The sum of investment cost, maintenance cod, user

cods, and trandt user costs associated with a highway. The components of traffic

improvement costs are defined in the following sub-sections:

Highway or Facilities Invesment Cod- Totd investment required for a highway

improvement, induding engineering desgn and supervison, right of way acquigtion,

congtruction, traffic control devices (Sgnads and signs) and landscaping.

Highway Maintenance Cos- The cost of keeping a highway and its gppurtenances in
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servicesble condition. Operating cods for traffic control and lighting should be
included with maintenance cods if operating cods differ gppreciably between two
dternatives.

Highway User Codss The sum of 1) Motor vehide running cost 2) The vaue of

vehicle user trave time, and 3) Traffic accident costs.

Motor Vehide Running Cod- The mileage dependent cost of running automobiles,

trucks, and other motor vehicles on the highway, induding the expenses of fud, tires,
engine oil, maintenance and that portion of the vehicle depreciation atributable to the
highway mileege traveled.

Vdue of Travd Time- The result of vehicle travd time multiplied by the average unit

vaue of time.

Vehide Travd Time- Thetotd vehicle hours of time traveled by avehicle.

Unit Vdue of Time- The vaue attributed to one hour of travel time, usudly different

for passenger cars and trucks.

Traffic Accident Cos- The cods atributable to motor vehicle traffic accidents

usudly edimated by multiplying edimated accident rates by average cost per

accident.

User Benefit- The advantages, privileges, and/or cost reductions that accrue to highway

motor vehicle users (drivers and owners). Benefits are generdly measured in terms of a

decrease in user costs.

Incrementd Cogt- The net change in dollar costs directly atributable to a given decison

or proposd compared with some other dternative (which could be existing condition or
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do nothing dternative).

Present Vaue (PV)- An economic concept that represents the trandation of specified

amounts of codts or benefits occurring in different time periods into a sngle amount a a
sngleingant (usualy the present).

Net Present Vaue (NPV) - The net cumulative present vaues of a series of cods and

benefits dtretching over time. It is derived by applying to each cost or benefit in the series
an appropriate discount factor, which converts each cost or benefit to a present vaue.

Equivdent Uniform Annual Cost (or Benefit) - A uniform cost (or bendfit) tha is the

equivaent, soread over the entire period of andyss, to al incrementa disbursements or

costsincurred (or benefits received from) a project.

3.1.2 Traffic Characteristic Definitions
The following definitions refer generdly tot the highway traffic characteristics.
Capacity - The Highway Capacity Manud (TRB Specid Report 209) defines capacity as
the maximum number of vehicles that have a reasonable expectation of passng over a
given section of a lane or a roadway in one direction or in both directions for a two-lane
or three lane highway during a given time period under prevaling roadway and traffic
conditions. In the absence of time modifier, capacity is expressed as an hourly volume.
Passenger Car - A motor vehicle with a seating cagpacity of up to nine persons-induding
taxicabs (for capacity and economy study purposes), statiion wagons, and two-axle, four
tire pickups, pandls, and light trucks.

Truck - A motor vehicle having dud tires on one or more axles, or having more than two
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axles, designed for cargo rather than passengers. Two types of trucks are considered in
this report: 1) 12-kip, Sx tire, two axle single unit trucks and 2) 54 kip, diesd powered,
combination 3-S2 tractor semi-trailer trucks.

Bus - A vehide with seating cepacity of ten or more passengers. Buses are usudly
counted as single unit trucks for capacity and economic study purposes.

Average Speed (or Average Overdl Traffic Speed)- The summation of distances traveled

by dl vehicles for a specified class of vehicles over a given section of highway during a
specified of time, divided by the summation of overdl trave times (including stops).

Ovedl Travd Time - Thetime of travel including stops and ddlays on the traveled way.

Running Speed - The speed over a specified section of highway, equa to the distance

divided by the running time (the time the vehicle is in motion). Average Running Speed
isthe same as the average speed if there are no stops; otherwise it is higher.

Design Speed - A speed sdected for the purposes of design and corrdation of those
features of a highway, such as curvature, super-eevetion, and dght disance, on which
the safe operation of a vehicle depends.

Operating Speed - The highest overal safe speed a which a driver can travel on a given

highway under favorable weather conditions and under prevailing traffic conditions.
Highway types - Four mgor highway types are consdered in this report as described

below:

Freeways and Expresswvays - Expressways are divided Arterids highways for through

traffic with full or partia control of access and generdly with grade separations a

magor intersections, Freeways are expressways with full control of access.
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Multi-Lane Highways - Roads with four or more lanes (that is two or more lanes in

each direction), without dgnificant access control festures and with low enough
adjacent development to permit speed limits of greater than 40 mph and sgndization
with average spacing of more than one mile.

Two-Lane Highways - Roads with two lanes (one in each direction), speed limit of

generdly forty miles per hour in both directions, and average dgnd spacing more
than one mile. They may have varying degrees of access control.

Arterids (or Arteria Streets, or Urban or Suburban Arterids)- Mgor streets and
highways outsde the centrd business didrict having ether 1) speed limits of 40 mph
or lessand 2) average sgnda spacing of one mile or less.

Aveaage Annud Dally Treffic - The totd yearly volume divided by the number of days in

ayear, commonly abbreviated as AADT.

Levd of Sevice - A quditadive meassure of the freedom of flow of traffic from

condraints, interruptions, or other inconveniences, relative to the best possble conditions
for a given type of highway fadlity. It is the inverse function of the hourly traffic volume
or the traffic dengity at the time of observation.

Savice Volume - The maximum number of vehides that can pass over a given section

of a lane or a road-way in one direction on a Multi-Lane highway or Freeway (or in both
directions on a two-lane highway or three lane highway) during one hour while operating
conditions are maintained corresponding to the salected or specified leve of service,

Section - A “section” is defined as a road segment that possesses road characteristics

consdered to be fairly homogeneous, it may be consdered as the average of its smaler
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subsections.

Road Characterigic - The term “Road Characteristic” is defined as the various attributes

of ahighway such as the grade percent or curve angle or the type of road surface.

3.2 Benefits of Highway I mprovement

The benefits of highway improvement may be direct and reedily gpparent or may be
indirect and difficult to discern. Some benefits may be readily evauated in monetary gans,
and some benefits may be intangible. For convenience, highway benefits have been grouped
into two categories.
1) Direct benefits that result from areduction in highway user costs.
2) Indirect benefits, including benefit to adjacent property and the genera public.

The mog dgnificant highway benefits are those that result from a reduction in the
user costs such as decreased operating costs, higher operating speeds, fewer delays, and

decreased accident losses.

3.3 Measurement of User Benefits (Costs) as Reported in the 1977 Manual

One of the mog difficult aspects of economic andyss for highways is the
measurement of highway user benefits (costs). The highway user cogt factors in the Manud
are shown as a function of ether the traffic goeed or of the ratio of traffic volume to highway
capacity (V/C rdio). The highway user codts for a given section of highway, HU, expressed
in dollars per thousand vehicles, is the sum of the Basc Section costs, accident costs, delay
costs and trangtion cods. The basic formulafor computing highway user cost is asfollows:

HU=(B+A)xL +T +D (3.1)
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where,
B = Badc Section cost, conssting of te unit cogt (time vaue and vehicle running costs) per
mile, associated with vehicle flow and basc geometric (grades and curves) of the andyss
section. The unit is dollars per 1000 vehicle miles.
A = Unit accident cogt per mile in the andyss section. The unit is dollars per 1000 vehicle
miles.
L = Andyss section length in miles.
T = Trandtion cogt; additional user unit time and running codts incurred due to changes in the
Speeds between sections. The unit is dollars per 1000 vehicles.
D = Additional unit time and running cost due to ddays a intersections, a traffic sgnds,
stop signs, or other traffic control devices. The unit isin dollars per 1000 vehicle.

In the following sections, a summary of the methodology for caculating each of the

cost components is presented.

3.3.1 Basic Section Cost

The Manud gives the Basic Section costs in the form of nomographs for three classes
of vehicles Passenger Cars, Single Unit Trucks and 3S2 Combination Trucks, for four types
of highways Freeways, Two-Lane Highway, Multi-Lane Highways and Arterid. Tweve
nomographs are used for the twelve combinations. As an example, one of these nomographs
isreproduced in Figure 3.1.

The nomograph in Figure 3.1 is used to compute the Basc Section costs (B) for
passenger cars on Multi-Lane highways. This nomograph is entered a the lower left end with

average running speed or with the volume-capacity ratio for the representative hour of
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operation for the anadyss section. These reationships for V/C raios and design speed are
derived from curves for hourly operating speed for corresponding highway types in the
Highway Capacity Manud (1965). Travel time, the inverse of the running speed, can be read
a the left ordinate of the lower left grgph. A horizonta line a the levd of the average

running
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Figure 3.1: Basic Section costs (B) for passenger carson Multi-L ane highways.
gpeed is then projected to the right scde to determine the tangent running cost (dong a
specified grade) and added running costs due to curvaiure. Findly, additional running costs
due to speed change cycles are determined by entering the upper left graph with the volume-

capacity ratio and reading the added cost at the ordinate. The added cost due to the speed
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change cydesisrdativdy smal, except under the level of service F (or queuing) conditions.

The Basc Section codts given in the example are vaid only for the paved sections.
The cogt of operating vehicles on gravel and stone roadway surfaces can be estimated by
multiplying the Badc Section costs from the nomogrgph by an adjusment factor. For
passenger cars, the adjustment factor ranges from 1.1 for a speed of 5 miles per hour to about
1.6 for the speed of 60 mph. Larger vaues are recommended for the single unit trucks and
combination trucks. The Basic Section cost has aunit of dollars per 1000 vehicle miles.

With a given V/C ratio and design speed, one can use the nomographs in Figures 7 to 18 of
the 1977 AASHTO Red Book Manud (pp. 50-61) to find the following cogs:

a) Cost associated with the value of time.

b) Additiona costs due to curvature.

¢) Additiona running cost due to grades.

d) Additiona running cost due to speed changes.

The vaue of trave time is the product of the totd vehicle hours of traved (by vehicle
type) and the average unit vaue of time. The magnitude of travel time depends on the
average running speed and the number and duration of stops. Studies have indicated that the
perceved vaue of travel time is sendtive to trip purposes and time savings per trip. The
travel time cog is in dollas per 1000 vehicle miles. The STEAM software uses a default
vaue of $6 per hour for passenger cars and $24.60 for commercid trucks as the vaues for
the travel time [Decorlaet. d., 1997].

The cogt of operating a vehice on a draight or leve tangent is rdated primarily to the
running speed and the gradient of the roadway. A gradient may be postive or negative.

Moving a vehicle up a Seep pogtive grade requires more fue than moving it dong a leve
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road at the same speed. Sections with negative gradients can be negotiated with fewer
burdens on the engine, but sometimes it may be necessary to apply brakes and that imposes
added running cost. These cods are accounted for under grade costs. The unit is dollars per
1000 vehicle miles.

Curves impose codts in addition to tangent road running costs through the centrifugd
force that tends to keep the vehicle following a tangent rather than a radid peth. This force is
opposed by super-elevation of the roadway and the side friction between the tire tread and
the road surface. There is a greater expenditure of energy and hence more fud is required to
negotiate curved sections. The unit is dollars per 1000 vehicle miles.

Speed change cogts are those incurred when the vehicle changes its speed from a high
vaue to a low vaue and goes back to the initid speed. The unit is expressed in dollars per

1000 vehicle miles.

3.3.2 Accident Cost

Accidents that occur every year on the sreets and highways of America represent a
great economic loss besde the pan and suffering that they cause. Totd economic loss
resulting from the motor vehicle accidents was estimated to be $156.6 billion in 1992
[Wright, 1996]. Thistota includes loss incurred in fatal accidents, accidents involving
nonfatal persona injury, and those involving only property damage. It follows that from an
economic standpoint, highway improvements cause a decrease in accident rates, resulting in
monetary saving to the road user and the public in generd.

The accident cost can be reported in two ways.

1) The Nationd Safety Council issues periodic report on the costs of vehicular
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accidents. Once the types of accidents and their frequency are known, accident costs in
dollars per year can be cdculated by multiplying the frequency (accidents per year) and the
cost per accident. Such costs include wage losses, medica expenses, property damages, and
insurance adminisiration costs.

2) Unit accident costs can be estimated on the bass of empirical accident rates that
reflect regiona effects of the vehicle mix, driver behavior, roadway type, and dimate; or can
be edstimated from the average rates and codts by accident types, as shown in Table 11 and
Table 13 of the Manual. The unit is expressed in dollars per 1000 vehicle miles

To account for savings in accident codts in highway economic studies, accident rates
before and after the proposed improvement should be estimated. The andyst should be able
to rdy on empiricd daa that will account for regiond differences in vehide mix, driver

behavior and climate.

3.3.3 Intersection Delay Cost

The most complex aspect of determination of the unit highway user cods is the
edimation of the cogt of intersection dday (D). Two nomographs are published in the
Manud to determine intersection delay codts. one to estimate the unit cods of stopping a a
traffic sgnd and the other to edtimate the unit costs of idling. In order to use these
nomogrgphs, information on the following traffic and dgndization parameters for the
intersection being studied are needed.
1) Green to cycle time ratio ( ). The ratio of the effective green time of the sgnd (generdly
taken to be the actud green time) to the cycle length of the sgnd, both expressed in the same
unit of time (usudly seconds).
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2) Sauration flow (s). The approach volume in vehicles per hour of green for the intersection
when the load factor is 1.0 and the appropriate adjustment factors are applied. In the case of
absence of Highway Capacity Manud, recommended vaues of saturation flow are 1,700 and
1,800 vehicles per hour times the numbers of approach lanes.
3) Capacity (c). According to the Highway Capacity Manud, capecity is the service volume
of the approach a a load factor of 1.0. It is dso equa to the saturation flow times the green
to-cycletimeratio.
4) Degree of saturation ). The ratio of the volume of the traffic approaching the intersection
(usudly in vehicles per hour) to the capacity of the intersection, in the same units.
5) Approach speed. Also termed mid-block speed, is the average running speed a which
the vehicle stream gpproaches the signalized intersection.

The degree of saturation is the ordinate of the left most graph of the nomograph (Figure 3.2).
For the given green to cycle time ratio, a line is projected on to the curve on the left most
graph to calculate the average stops per vehicle. This is then projected on to the middle graph
for the given gpproach speed, and the point a which it intersects the approach speed is
projected on to the ordinate to cadculate the added stopping dday in hours per thousand
vehicles per dgnd. The same line is projected on to the right most graph to find the added
stopping cost per thousand vehicles per sgnd. The time codt is the additional delay due to
dopping multiplied by the hourly vdue of time pe passenger car multiplied by the
adjusment factor for the trucks in the sream. The running cost for the intersection is the
additiond dopping cost multiplied by the adjusment factor for the trucks in the traffic
stream.

It should be noted that adl nomogrephs are based on 1975dollar vaues. All cost
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components must be multiplied by appropriate CPI's to convert them to the current year
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Figure 3.2: Costsdueto stopping at inter sections (excludesidling)

The idling cogts are found with the hdp of the idling cost nomograph (Figure 3.3).
The ordinate of the bottom most graph of the nomograph is entered for the given or
cdculated degree of saturation. For the given capacity, the intersection point on the graph is
located and extended straight upwards to caculate the average delay per vehicle (seconds). A
smdl correction to average ddlay is aso added for the given cycle length and green-to-cycle
ratio. This point is on the ordinate of the left upper most greph. It is extended to the right
hand sde to cdculae the idling time in hours per thousand vehides and the idling cods in
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dollars per 1000 passenger cars.
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Figure 3.3: Costsduetoidling at inter sections

The totd dday cogt is the idling time multiplied by the hourly vaue of time per
passenger car and the adjustment factor for percent trucks in the stream. The totd idling cost
is idling cost multiplied by the adjusment factor for the percent trucks in the sream. The
totd cost due to idling per thousand vehicles per sgnd is the summation of the above cods.
The analyss of intersection delay often requires separate caculations for each direction of
gpproach, especialy where opposng and /or crossng approaches have unequd traffic flows

or different characteridics (eg., number and types of intersections, capacity, signdization
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parameters, and so on). If there are three signdized intersections of approximately the same
characteridtics included in the overal roadway being anadyzed, one intersection might be
andyzed and the results multiplied by three A degree of sauration of 1 implies that dl
vehicles in the traffic stream would stop at the signd at least once and that average ddlay per
vehicdle would a least equa the sgnd cycle time. The unit is expressed in dollars per 1000

vehides

3.3.4 Transition Cost

Empiricd studies have made it posshble to esimate the costs of speed changes when
vehicles pass between sections with different physcad or traffic characterisics. Section
trangtion cogt (T) depends on the magnitude of the average speed change. The graphs and
tables of the Manua provide factors to account for excess running costs due to speed change
cycles for passenger cars, sngle unit trucks and 3-S2 combination diesd trucks. These
graphg/ tables show the cogt of a full speed change cycle and should be divided by 2 for use
as one way section trandtion costs. An example of the graph and table is shown in Figure

3.4. The unit is expressed in dollars per 1000 vehicles.

3.4 0neWay Versus Two Way Traffic

Costs given by various nomographs relate to one-way traffic on a highway fadility.
Ordinarily, where improvements affect both sdes of the roadway and the traffic is balanced
in both directions over the course of a typica day, the benefits (costs) which are cdculated

from the one-way anaysis should be multiplied by two.
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Figure 3.4: Section transition costs.

3.5 The Effects of Highway I mprovement

Highway economic analyses should account for the changes in traffic volume that are
1) induced by the improvement, and 2) diverted from other routes to the new facility. It is,
therefore, recommended that the difference in the user benefits (costs) be multiplied by the
average of the traffic volume with and without the improvement.

User Benefits = (Ug-U1) [(Vo +V1)/2] (3.2)
where,
Uo = user cost per unit of traffic (vehicles or trips) without the improvements.

U; = user cost per unit of traffic with the improvement.
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Vo = Levd of the traffic without the improvement (AADT))

Vi = Levd of traffic with the improvement, incduding any induced or diverted traffic
(AADT),)

V1 may be larger than Vo, as shown, or smaler when the traffic is diverted to any new

padld fadility.

3.6 Economic Analysis Technique as Reported in the Manual

Economic andyss intended to provide the economic judification for a particular
project or to permit comparison of aternative schemes or locations, in order to determine the
priority of improvement, etc. might be carried out by one of severd methods. Methods used
in engineering economy studiesinclude:
1) Benefit Cost ratio (B/C)
2) Net Present Vaue (NPV)
3) Comparison of annud costs
4) Determination of the interest rate (internd rate of return) a which the dternatives are
equaly dtractive.
Bendfit Cog ratio (B/C) and the NPV methods are more commonly used by highway

engineers and adminigrators.

3.6.1 Benefit Cost Ratio (B/C)
B/C is the raio of the vaue of the benefits expected from the project to the cost
incurred. A B/C ratio greater than 1.0 indicates that the benefits expected from the project

outweigh its cods  The following formulaion of the benefit-cost raio that utilizes the
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present vaues is recommended for dl highway and trangt agpplications as an gpproximate
indicator of the project desrahility.

B/C = PV (DU)/[PV (DI) +PV (DM) -PV (DR)] (3.3)
PV=The present vaue of the indicated amount or series.

DU = User benefits the reductions in the annud highway user codts due to the investment
(costs without the improvement less costs with the improvement).

DI = Increased investment costs due to the project.

DM = Increase in the series of the annud maintenance, operating, and adminidrative costs
due to the investment (costs with the improvement less costs without the improvement).

DR= Increase in the resdua vaue due to the project a the end of the effective life of the
project. The resdua vaue of a project is the vaue that can be sdvaged a the end of its
usul life

Example; If DU = $1000, DI = $900, DM = $-100, DR = 0 then B/C = 1000/900-100 =1.25

3.6.2 Net Present Value Method

The badc criterion for the economic dedrability is tha the present vaues of the
dream of annua benefits resulting from a project exceed the present vaue of the cods
asociated with implementing the project. Since the Net Present Vaue (NPV) is defined as
the difference between the present vaue of the stream of benefits and the present vaue of the
dream of cods, an equivaent criterion or decison rule can be described as follows: if the
(NPV) associated with a particular improvement project or project dternative is greater than

zexro, the project or the project dternative is economicaly judtified.
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NPV can be symbolicaly expressed asfollows:
NPV =PV (DU) + PV (DR) - [PV (DI) +PV (DM)] (3.4)

Stated another way:
NPV = (Bg — Co) +(B1 — Cy1) / (1+i) +(B2 —C2) / (1+i)* +...... +(Bn —Cn +R) / (1+i) " (3.5)

Where By and G are the benefit and the cost for the initid year, B; and C; for the firgt
year, B, and G for the second year, and so forth; R is the resdud vaue, i is the discount
rate, and nisthe analyss period.

The Net Present Value is computed as.
NPV = Present vaue of the benefits - Present value of the cogts.

An agpproximate way of caculating the present vaue has been provided in the

Manud. The present worth factor is given by:

PW, = (e """ —1)/(r-i) (3.6)

where,

I =interest rate

r = rate of growth of annud vaue

n = andyss period (years)

The annud average growth rate r can be approximated on the basis of estimates of
two years vaues.

r=In@)Y (3.7

where, a = ratio of annud benefits in a future year b the annud bendfits in the firg
year and Y is the period of edimate, which sarts a the beginning of the fird year and

terminates at the end of the future year. The period of estimate does not need to be equa to
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the length of andyds period as long as the assumption of congtant annua geometric growth
or decline holds over the entire analysis period.

The procedure described above is used to caculate the present value of a stream of
benefits or cogs only when the annud vaues are estimated to increase or decrease at an
approximately equa percent rate that is a congtant postive or negative geometric growth. If
the annua percent rate fluctuates, the user has to revert to caculation of the present values
based on Equation 3.5. Both options for caculaing the present vaue have been provided in

the software.

3.6.3 Decision Rulesin Economic Analysis

Rules of gpplication of the B/C ratio and the Net Present Vaue techniques depend on
whether there are budgetary condraints and whether the projects under consderaion are
independent or mutudly exclusve. When there are no budgetary congtraints and independent
projects are being compared, the sdlection of one project would not preclude the selection of
other projects. In this instance dl projects with postive Net Present Vaues or benefit cost
ratios greater than 1 would be economicaly feasble.

When the invesment budget is condrained, the anayst should sdect the combination
of projects that produces a maximum Net Present Vaue but does not exceed the avalable
budget. Alternatively and approximately, projects may be sdected in order of decreasng B/C
ratios, adding projects until the budget is exhausted.

In case of mutudly exclusve projects, the dternative with the highest Net Present
Vaue is chosen. If benefit cogt ratios are used to select the preferred project, the selection

must be made in increments. Beginning with the lowest cost dternative having a B/C rdio
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greater than 1, each increment of additiond cogt is judified only if the incremental B/C ratio

is greater than 1 [Oglesby et. d., 1982].

3.7 Example of a Highway Economic Analysis

The following example adapted from the user benefit andyss section of the Manud
illustrates the application of some of the data and procedures presented.

A highway agency is conddering the dimingion of an S-shaped curve on a Multi-
Lane highway. Tota congruction cost for the improvement is estimated to be $2 million and
will be incurred a the inception of the project. Annud maintenance codts are anticipated to
be $2,000 less after the improvement because the eimination of the curve reduces pavement
and guard rail damage. The growth factor for annua maintenance cost is assumed to be zero.

The S curve is made up of two continuous 8 degree curves in reverse dignment to
each other. Since the curves are of the same degree of curvature, they can be andyzed
together, and since the traffic can be assumed to be uniform over the entire affected roadway,
the andyst may view the improvement in terms of a single andyss section, desgnated as
AB.

The characterigics of the exiging route (No-Build) and the proposed route
(Alternative 1) are summarized in Table 3.2.

The andys has obtaned the traffic estimates with and without the proposed
improvement for the first and the last year of the twenty-year andyss period. It is assumed
that the levd of service, F, does not occur during the analysis period, and that the hourly
vaidion of the traffic is smdl enough such that the explicit condderation of pesking

characterigtics is unnecessary. Hence, the andlysisis performed on an AADT bags. This
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Length Design Speed
Alternative | Section Basic Section Data
(Miles) (mph)

Lanes (oneway) | Grade | Curvature

No-Build AB 0.2 2 0% 8 degree 50

Alt-1 AB 0.16 2 0% O degree 60

Table 3.2: Facility Data for the Example
entalls utilizing the traffic volume data for a typicd hour of the day in each of the study
years. Such traffic data are summarized in Table 3.3, where a typicd one way hourly volume
is defined as AADT divided by 18 (the number of hours assumed for a day). Note aso that
capacity in year 20 is somewhat below that of year 1. This is to reflect norma deterioration
of the roadways over the years.
The tréffic is assumed to be made of only passenger cars. The average running Speed

is a function of the V/C ratio and other road characteristics and is computed from the
nomograph (Figure 3.1) and summarized in Table 3.3. Since speeds on the andyss section
will change as a result of the improvement, trangtion costs between sections will change;

thus speed on the previous section and the subsequent sections must be specified.
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Study OneWay | OneWay VIC e
Alternative | Section Period Running Speed on
Year Volume Capacity Ratio
Speed
Previous | Next
Section | Section
No-Buld | AB 1 |Typicd| 1900 3800 0.50 36 41 50
hour
Alt-1 AB 1 |Typicd| 2000 4000 050 | 41 41 50
hour
No-Build | AB 20 |Typicd | 2900 3500 0.83 30 34 45
hour
Alt-1 AB 20 | Typicd | 3000 3700 0.81 34 34 45
hour

Table 3.3: Traffic Data
3.7.1 Calculation of the User Costs
The above facility and treffic data enable caculaion of the user costs on the exigting
route and the proposed route as shown in Table 34. Unit highway user cods (HU) are
cdculaed from the eguations given in the report by usng the section cogsts, section length
and the trangtion cods. Basc Section Costs (B) and Trangtion Costs (T) are derived from
the nomograph. A unit vaue of time of $6 is assumed. Determination of B and T for the

exiging route (No-Build) is as follows. Entering the lower left hand (speed flow chart) of

38




Figure 3.1 with a V/C ratio of .50 and a design speed of 50 mph yidds an average running
gpeed of 36 mph and a corresponding travel time of 27.8 hours per thousand vehicle miles.
Tangent running cost a 36 mph on a leve grade is approximately $71 per thousand vehicle
miles (KVM). Additiond running cost due to an 8-degree curve is approximately $20 per
KVM. Added running costs due to the speed changes are approximately equa to $3 per
KVM. Tota running cost per KVM on the existing route is thus about $94.00 ($71+$20+$3).
Adding this to a total time value of $166.80 (27.8 x $6 per hour) per KVM yields a totd unit

Basic Section cost for the exigting route in year 1 of $260.80 ($94.00+$166.80) per KV M.

Alternative| Section | Study | Period B*L +T =One
Y ear Way HU
per KV

No-Build AB 1 Typica [260.80* 0.20f 3.50 $55.66

hour

Alt-1 AB 1 Typicd | 220.40* 0.16 1.50 $36.76

hour

No-Buld | AB | 20 | Typicd | 28590 0.20| 300 | $60.18

hour

Alt-1 AB 20 | Typicd | 252.40* 0.16 2.00 $42.38

hour

Table 3.4: Calculation of Highway User Cost
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Entering Figure 3.4 with a speed of 41 mph on the fagter existing section and the 36
mph on the section being andyzed yidds an added one way trandtion cost of $1 per
thousand vehicles. Similarly, for the trangtion from the section, with an assumed speed of 50
mph the trangtion cost is gpproximately $2.50 per KV. Totd one way section trangtion cost
isthus $3.50 per KV.

Smilar gpplications of the figures to the proposed route in year 1 and both the
exisging and proposed route in year 20 yied corresponding vaues for both B and T. The
absence of curves under aternative 1 reduces the Basic Section cost B, relative to the No-
Build option, while reduction in the magnitude of speed changes between sections reduces
the T vadue for dternative 1 rdative to No-Build. Multiplying the Basc Section costs by the

section length L and adding section trangtion codts yied in the one way highway user costs

per KV.

3.7.2 Calculation of the User Benefits

Bendfits in the firt and 20" years, as an example, can be calculated from the above
user cost (HU) estimates by gpplying the following equation:

One way annua user benefits = (Days per year) x (Hours per day) x (User benefits)

The cdculations for the example are shown in Table 3.5.

3.7.3 Computation of the Present Value and M easur es of Economic Desirability
Usng the assumption that benefits grow by an equd annud percentage rate, the
benefits for the two representative years nay be converted to an estimate of the present vaue

of dl benefits by the gpplication of the equations for caculating the present worth.
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Using the ratio a of benefits in the 20" year to the 1% year (344,991/242,137=1.4248),
the rate of growth of annual vaue is cdculaied usng Equation 3.7, which isr = In @)/20 =
0.0177. For an assumed 25 year analysis period, n = 25 and a 4 percent discount rate, i = 0.04
a present worth factor (PWy) of approximately 19.164 is obtained by the Equation 3.6.

PW, = (e —1)/(r-i) = 17.999.

Hours
Days One Way
Study per day
Section Period | per (HUp - HU1) * (Vo +V1)/2 Annual
Y ear in
Y ear Benefits
period
Typicd
AB 1 365 18 (55.66 - 36.76) * (1.9+2.0)/ 2 | $242,137
hour
Typicd
AB 20 365 18 (60.18 - 42.38) * (29+3.0)/ 2 | $344,991
hour

Table 3.5: User Benefit Calculations
The present value of the benefits would then be (19.164 * 242,137) = $4,640,313
agoproximatdy. Since the improvement affects traffic symmericaly in both directions this
one way benefit estimate is multiplied by 2 to yield the totd present vaue of the project’s
benefits as gpproximately $9.281 million.
A complete project analyss dso requires converson of the project costs and related
items into the present vaues. Project cods include the capital cost of congruction and the

maintenance expenses that are incurred on the section after the improvement. A present value
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adjusment of the residuad or scrap vaue of the project after the 25-year andyss period is
adso necessary. The totd congruction cost incurred at the inception of the project is $2
million, which is dso the present vadue. Annud maintenance codts are anticipated to be
$2,000 less after the improvement. The project is estimated to have a resdud vaue of
$500,000 in its 25™ year. Again using a discount rate of 4 percent, the streams of annua
maintenance cost savings are converted to the present value by using the appropriate present
worth series factor. The converson of al projects reated costs are summarized in the Table
3.6. The vaues 15.62 and 0.375 are the series present worth factor and the lump-sum present

worth factors, which gives the present worth of these values.

tem Value* Rate Present Value
Congtruction Cost $2,000,000 * 1.00 $2,000,000
Changes in Annua Maintenance Expenditure -$2,000 * 15.62 -$31,244
Residud Vduein 25 Years -$500,000 * 0.375 -$187,558
Present Vaue of dl Codts $1,781,198

Table 3.6: Calculation of Present Value of Project-Related Costs
The Net Present Vdue is the difference between the present vaues of the benefits and
the present vaues of the cost:
Net Present Vaue = Present Vaues of the Benefits - Present Vaue of the Costs
= $9,280,627 - $1,718,198

=$7,499,429
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The Net Present Vdue of $7,499,429 indicates that the project is economicaly
desirable. The benefit cost ratio dso suggests that the project is feasible because ($9,280,627
/($2,000,000 - $31,244 - $187,558) or 5.21 is greater than 1.

However if there are budgetary condraints, the decison-maker should invedtigae
other projects or project dternatives for thelr relative economic atractiveness before making

adecison to implement the current project.

3.8 Methodology Used in the Software

The formula used in the project is based on Equation 3.1, which is dightly changed to
correct for units and the number of sections. For a project consisting of ¢ sections, the
highway road user codt, expressed in yearly cost per 1000 daily vehicles, computed for all
sections, is as follows.
HU=S;(((Bi * Li + Ti + D; ) * 365* AADT; / 1000) + Aj) / AADT 4 (3.8
where,
Bi = Badc Section cods, for section i, congging of the unit cogt (time vaue and vehicle
running costs) per mile, associated with vehicle flow and basc geometric (grades and curves)
of the analysis section, i=1,2,3,....c, where c isthe total number of sections.
Ai = Accident codis per year in sectioni.
Li = Andyds section length in miles, for section .
T, = Transition cods, additiond user unit time and running cods incurred due to changes in
the speeds between sections, for sectioni.
D; = Additiond unit time and running costs due to delays a intersections, a traffic sgnds,
stop signs, or other traffic control devicesfor section .
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AADT; = The Average annud daily traffic for section .
AADT,yj = The weighted average of annud daily traffic = S(AADT; * L)/ S L; (3.9

In order to represent or modd al daily traffic within pesk and off pesk periods it is
suggested that traffic in minimum traffic hours be added to off pesk traffic and tha minimum
traffic hour be represented as having zero traffic. The total pesk and off peak will then add up
to less than the totd hours in a day. A modd day d 18 hours is suggested, with traffic in the
gx hours from 12 midnight to 6 am added to off pesk traffic. To compute the annudized
benefitsfor a project, afactor of 365 is gpplied to the unit daily cost.

The Basic Section cost is cdculated in the same way as described in the 1977 Manua
(Section 3.2.1). The two methods in which accident cogt is cadculated are described in
Section 3.2.2. The firs method is adopted in the software. The methods to cadculate the
intersection delay costs and trangtion codts, respectively, are the same as those described in
Section 3.2.3 and Section 3.2.4 and have been adopted in the software without any changes.

The road user benefit is caculated by subgtituting in Equation 3.2 the vadue of HU for
old dternative and the new dternative calculated by Equation 3.7 and the AADT,,; for the
old dternative and the new aternative caculated by Equation 3.9.

Thus, the formulaiis as follows

User benefits = (HUp-HU1) [(AADTay (0) +AADTayj (1))/2] (3.10)

The unit is in dollars per year. Among the various types of economic andyss that can
be performed to verify whether a project is desirable or not, the Net Present Vaue technique
as described in Section 3.5.2 has been used in the software. An example is provided in

Chapter 4 to illustrate the results produced by the software using the above methodol ogy.



3.9 Cost Updating Procedures

It is noted that the nomographs shown in Figures 3.1 through 3.4 ae based on
January 1975 price levels. It is recommended that the cost factors be reviewed and updated
once a year when the latest CPI's become available. The 1977 Manua recommends a cost
updating procedure that employs multipliers based on commonly available consumer and
wholesde price indices published by the U.S. Bureau of Labor Statidtics. It is noted that the
indices published in the 1977 Manua have been indexed to the period 1982-84 as a base unit
of 100.

Table 3.7 gives a lig of consumer price indices and wholesde price indices (now
termed as producer price indices) updated to January 1998. The table dso shows the January
1975 vaues as wdl as those vaues that have been adjusted for rebasing. These indices
should be usad in conjunction with the updating procedures outlined in the software manud.
Please refer to Section 2.3 (Updating Cost Tables) and Figure A24 in Appendix A.

A saries of updating formulas was published in the 1977 Manud that accounts for the
various components of the user costs and recognizes that these components may escadate a
different rates. These formulas have been rearranged and shown in Tables 3.8(a) through
3.8(c). The formula provides a weighted average multiplier that accounts for the varying
rates of inflation. In the firgt formula in Table 3.8(a), for example, fuel costs accounted for 28
percent of total passenger car running cods on level tangents, motor oil accounts for 1
percent, tires account for 5 percent, and so on. In these formulas, for a given index variable,
R represent the ratio of the vaue of the present consumer price index to the adjusted vaue of
the January 1975 index and the subscript i denotes the component (f for fuel or fs for fud,

sngle unit truck and so on).
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Index Jan-1975 1975 Value Adjusted |Jan-1998
For Rebasing Index
CPI, Total 156.1 52.1 161.6
Cs, Fud 160.2 42.3 97.8
Co, Motor Qi 152.8 595 * 131.4
Ci, Tires 124.9 68.4 98.8
Cm, Maintenance 1701 517 165.0
Cg, Depreciation 123.4 60.9 144.4
WP, Industridl Commodities 167.5 53.6 125.9
Prs, Fud, Single Unit Truck 198.9 30.6 59.4
Prc, Fuel, Combination Truck 237.6 29.8 539
Po, Motor Oil 151.5 51.2 1194
Py, Tires 152.0 56.0 89.3
Pss, Depreciaion, Single Unit 148.9 55.8 156.3
Truck
P, Depreciation, Combination 148.9 49.3 139.8
Truck

Table 3.7: Consumer and Wholesale Price Indicesfor January 1975 and January 1998

* Edimated from value of December 1977 using corresponding values of PPl for motor oil.
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Conditions For Use Updating Formula

Generd and Leve Tangents M=028R +0.01R,+0.05R +0.27 Rn + 0.39 R4
Positive Grades M=040R+0.02R, +0.05R + 0.16 Ry, + 0.37 Ry
Negative Grades M=0.17R +0.03R, + 0.06 R + 0.20 R, + 0.54 Ry
Excess Curve Cost M=022R+001R,+0.77 R

Speed Change and StoppingCost (M =0.35R +0.01 R, + 0.41 R + 0.02 Ry, + 0.21 Ry

Idling Cost M=083R +0.01R, +0.05Ry+0.11Ry

Table 3.8(a): Multiplier Formula for Updating Running Costs of Passenger Cars

Conditions For Use Updating Formula
Generd and Levd Tangents M =0.40 R;s+ 0.01 R, + 0.04 R + 0.30 Ry, + 0.25 Rs
Positive Grades M=054Rs+001lR,+0.01lR+0.24 Ry, + 0.20 Rys
Negative Grades M=021Rs+0.03R, +0.04 R + 0.33 Ry, + 0.39 Rys
Excess Curve Cost M=024Rs+0.01R, +0.74 R + 0.01 Ry,
Speed Change and Stopping Cost M =0.36 Ris + 048 R + 0.04 Ry + 0.12 Rys
Idling Cost M =0.80 Rs+ 0.01 R, +0.04 Ry, + 0.15 Rys

Table 3.8(b): Multiplier Formula for Updating Running Costs of Single Unit Trucks
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Conditions For Use Updating Formula
Generd and Levd Tangents M=031R:+001R;, +0.11 R +0.37 R + 0.20 Ry
Positive Grades M =0.61Ri:+0.01 R, +0.04 R + 0.27 Ry, + 0.09 Ry
Negative Grades M= 0.03R, + 0.14 R + 0.50 Ry + 0.39 Ry
Excess Curve Cost M=0.07Rc+0.01 R, + 0.90 R + 0.02 R
Speed Change and Stopping Cost M =0.20 Ry +0.73 R + 0.02 Ry, + 0.05 Ry
Idling Cost M =0.64 R+ 0.01 R,y +0.14 Ry, + 0.21 Ry

Table 3.8(c): Multipliersfor Updating Running Costs of 3 S-2 Combination Trucks
The following example demondrates the updating procedure. The base year to which
avaue of 52.1 is assigned is 1975; o if the current year at present has a price index vaue of
160.5, the new unit vaue of time, for a passenger corresponding to a vaue of $2 in 1975
would be:

(160.5/52.1)*$2 = $6.16.

3.9.1 Updating Running Cost Factors

The updating procedures are described for two cases in the 1977 Manua. Case 1 is
for proportional cost changes when the components of running cods increase in about the
same proportion and Case 2 is for non-proportiona cost changes when the components
change in sgnificantly different proportions.

Case 1-For proportiona cost changes. The updating procedure is the same as

described above in the example. However, for passenger cars, it is suggested that the private
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trangportation component of the consumer price index be used as the relevant index. For
updating truck-running cogts, U.S. indudtrid commodities wholessle price index (WPI)
should be used form Table 3.7.

Case 2-For _non-proportiona cost changes: It is suggested that an updating multiplier

be based on the composte multiplier formulas reflecting individua price changes This is
more accurate compared to Case 1.

Tables 3.8 (a), (b) and (c), as reproduced from the Manua, show the formulas for
various conditions of operations for passenger cars, single unit trucks and combination
trucks. For example, suppose it is desred to update level tangent running costs for the
passenger cars to the year 1997 with 1982-84 as base, in which the rdlevant index vaues are
asfollows
Cr = Index for private trangportation, regular and premium gasoline = 106.2
Co = Index for private trangportation, motor oil =131.4
C: =Index for private transportation, tires, new, tubeless = 100.2
Cm = Index for private trangportation, auto repairs and maintenance = 162.7
Cq = Index for private transportation, automobiles, new = 144.3
The relevant index values for 1975 with 1982-84 as base are as follows:

Ci =451

Co =65.3

Ct =69.2

Cm=253.7

Cq =63

The updating multiplier, M, is computed as.
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M = 0.28%(106.2/45.1) + 0.01*(131.4/65.3) + 0.05*(100.2/69.2) + 0.27*(162.7/53.7) +
0.39*(144.3/63) = 2.434.

Smilar computations can be peformed to obtan other coefficients. This multiplier
would then be gpplied to any leve tangent cost factor developed from data in the Manud to
obtain corresponding running cost factors updated to the current year. The latest consumer
price index is used as input to cadculate the running cods. This index can be found in the
publications of the U.S. Department of Labor.

Accident cogts can be updated usng the latest information published by the Nationd
Safety Council. Every year, the latest rates for the various types of accidents categorized
based on severity, i.e. fata accidents, injury accidents, and property causng accidents, are
published by the Council. The frequency of the various categories of accident can be
multiplied by the laet accident costs from the Nationa Safety Council to compute the
annual accident costs.

Delay cods are again time dependent. So the updating methodology is the same as
updating the running costs as shown in Tables 3.8 (a), (b) and ().

The trangtion cods are the costs due to the speed change. Factors, which affect
trangtion costs, are the cost of fud, motor oil, cost of tires and maintenance costs. The
updating procedure is smilar to the updating procedure for non-proportiona cost changes of

the running costs described in Tables 3.8 (), (b) and ().
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Chapter 4. Softwar e Description and Usage

The software described in this report was developed to facilitate the use of the 1977
Manud. It peforms dl cogt cdculations sipulated in the Manua to compute road user cost
for a highway condgruction or improvement project. In addition, the software can be used to
peform Net Present Vaue andyss for a dngle project and comparison of various
dterndives. The software conssts of the following two main modules:

1) User Cost-Benefit Application, and
2) Economic Andysis.

The fird module is agan divided into two sub-modules based on the type of the
operation carried out.

The firg sub-module is designed to calculate the road user cost for the congtruction or
refurbishment of “uniform” highway sections. It is thus necessary to divide the project under
condderation into sections of reasonably sSmilar geometric characterisics and  traffic
conditions before usng this module. The second sub-module is used to update the road user
cost tables.

The Economic Anadyss module is designed to help determine whether a given project
or cetan project dternaives can be deemed economicdly judifiable and to compare
different aternatives.

The firsd module is based on the methodology described in Chapter 3. This module
supply information needed for the second module to perform economic andysis and provide

economic judtification of the project.
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4.1 Softwar e Development Tools

The software is built on an application development tool caled Microsoft Visud
Basic® 5. This means that, like other development tools such as Borland Delphi, Microsoft
Visud C++ and others, one can use Visud Basic® 5 to construct software products that
solve specific problems. This tool is often caled the front end because this is the software
that interacts with the user. As Microsoft's premium programming language, Visud Basic? 5
is the easest object-oriented programming approach for application development. Microsoft
Visud Basic® 5 is a sophisticated front end, which has some powerful features. The other
end is the backend, which the user does not interact with, but this is the part of the software
that interacts with the front end. Thus the front end has the unique ability of interacting with

both the user and the backend software. The back end for the software developed here is

Microsoft Excedl, which is the data base handler. The database handler is the software where
the database resides. Both Visud Basic? 5 and Microsoft Excel are products of Microsoft
making it both compatible and easlly connected to each other. The Jet Database Engine is
used to establish such connection.

Visud Basic?® 5 has severd outstanding festures that have made it an efficient tool for
application development. It essentialy conssts of Forms or Screens, which are any norma
screen. In Visud Basic® 5, the programmer builds the forms. These forms are similar to the
screens displayed by Windows 95 or Windows NT, such as logon didog box shown at the
gart up. The only difference is that the programmer decides how these didog boxes appear,
when they appear, and what they do. Control Buttons or Toolbox Controls are a set of

controls that are used on the custom designed forms. Table 4.1 provides a set of toolbox
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controls that have been used on the forms to arrive a the desired results in this software.

Control Buttons are located in the toolbox and are dragged with the help of the mouse and

placed on the screen or form. The podtioning of these control buttons ae often specified by

the software designer.
Control Use/Description

Text Box Displays and dlows data entry.

Displays plan text on forms such as captions for other
Label

controls.

Shows a current vaue sdected from the lig of possible
Combination Drop-down

vaues
Command Button Initiates an action.

Implemented in groups; dlows the user to make a choice for
Option Button

asmal number of options.

Group controls that are related in some way; dso digplays
Frame

group of option buttons.

Table4.1; Toolbox Controls Used in this Softwar e

A number of other controls are dso used. The controls are described individudly in

the forms, where they are used. The Code Window, which is screened from the user, is the

driving force behind the software. Another property of Visud Basic? 5 that was used in this

project is the Data Bound Controls. Bound Data Controls are the same as any other Visua

Basic® 5 control objects, except that they may have been given additiona properties, events,
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and methods that allow the user to “bind” them directly to one or more data tables. The
binding makes it easy to create data-aware input and display objects that the user can user to
peform data input and display with little program code. The Data Control makes it easy to
write Visud Basic® 5 programs that handle al of the following processes [Douglas, 1997]:

Loading data from a database into a Visua Basic® 5 Data object.

Selecting the data records requested by the user.

Loading form controls with the value of the requested records.

Trapping Smple user input errors.

Enforcing database integrity rules.

Updating the data object with modified data from the form control.

Visud Basic® 5 Data Control is a control used to gain access to database tables. The Data
Control dlows the user to edtablish a link to a sngle Dynaset Data object or Table or
Snapshot in a database. Basicdly, the Data Control is a link between the database and the
bound controls that the user uses to display the information. By default, the Data Control
creates a Dynaset-type recordset from one or more of the tables in the database. To perform
the linking to the MSExce sheets, the user has to sdect the Table-type recordset. The
recordset created by Data Control is determined by the settings of the DatabaseName and the
RecordSource properties. The recordset is created as the form containing the Data Control
loads and is activated. The recordset is active until the form is unloaded, & which the
recordset is released. This is the principle of database comnectivity. It is possble to have
more than one Data Control on asingle form.

The three main properties of Data Control that have been used are the DatabaseName



property, RecordSource Property and the Connect property. The DatabaseName property
contains the name of the database the user wants to access. The Connect property helps the
Jet Engine to know the type of database that is being connected at run time. MS-Excd has
been used because the Visud Basic® 5 Data Control can gain essy access to the database
tables present in the Excel Sheets.
4.2 Softwar e Description

Vaious forms conditute the basic building block of the software. These forms and
the inherent code helps in connecting the user to the database and retrieve the user cods. The
forms have a .frm extenson. The forms are aso caled screens. The toolbox controls as
described in Table 4.1 are used as required to congtruct these links. The forms are described
asthey appear in the program.

The Welcome Screen (Welcome.frm)

Road User Cost-Beneflt Analysis Project
West Virginia DMvision of Highways

Road Lser Cost Economic
Application Al ysis
|}

mit ‘

Figure 4.1 The Welcome Screen (Welcome.frm)
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This screen has three buttons. The firgt button invokes a screen entitled “Road User
Cogt Application” as shown in Figure 42. The “Economic Anadyss’ button is used to

peform economic cdculations for a dngle project or comparisons of two dternative

projects. Clicking on the third button, “Quit” ends the program.

The Road User Cost Application Screen (Frmroad.frm)

m M LESEN DOST APTLICATIOR

Road User Cost Application

| Cateutate Update Cast
Profeer Tablex and Back
[ Cosr-Benefit Indices

Figure4.2: The Road User Cost Application Screen (Frmroad.frm)

The “Road User Cost Application” screen has three command buttons.  The firgt
button, labeled “Calculate Project Cost—Benefit’, is used to caculate road user cost for a
project having different sections of varying characterigtics. The caculaied cods, in dollars
per thousand vehicles, are those incurred by the road users.

The middle command button which is labded “Update Cogt Tables and Indices’ is

56



used to update the cost tables and consumer price indices for various cost components. This
is a task that must be done on an annud basis. The method of updating codts is explained in
subsequent sections. The “Back” button will take the user to the previous screen.

Clicking on the “Cdculate Project Cost-Benefit” button will invoke a new screen,
entitled “Startup”, as shown in Fgure 4.3. This screen is used for both new projects and

exigting projects that have aready been saved.

The Startup Screen (Startup.frm)

w STANTLA e
: Open an
New Project, Existing Diack <=
| | Project

Figure4.3: The Startup Screen (Startup.frm)
Clicking on the “New Project” button brings up the “Number of Sections’ screen,
shown in Fgure 4.4. The “Open an Exiging Project” button leads the user to a different

screen titled “Opening an Exiging Project”. The “Back” button returns the user to the
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previous screen.

The Number of Sections Screen (Noofsection.frm)

. NUMBER OF SECTIONS (=] ]

Calculations are based on the Year ’1997

Please Enter the Project Title I

Comments
Please Enter the Number of Road I
Sections to be Considered

Back << | Next ==

Figure4.4: The Number of Sections Screen (Noofsection.frm)

The user can see the year for the cogt figures in the top display box of this screen. If
the year displayed is not the most recent year for which the consumer price indices are
avalable, the user must go back to the sreen shown in Figure 4.2 and proceed first to update
the cogt tables based on the latest indices. The second input is an aphanumeric title for the
project. An example of the name of the project is “Morgantown-Grafton Route 22”. A brief
description of the project and some notes can be entered into the “Comments’ section. The
next required input is the box where the user has to enter the number of sections.

The software dlows a maximum of fifty sections to be included in each project. After

entering dl the information in the input boxes the user dicks on the “Next” button which
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will invoke the screen labded “Main Screen”, as shown in Figure 4.5.

TheMain Screen (Mainscreen.frm)

. MAIN SCREEN M E

The Cwrrent Section ]
Humber is

' Basic Section

Cost Accident Cost

. Intersection

Transition Cost Delay Cost
Back << l Next =>

Figure4.5: TheMain Screen (Mainscreen.frm)
This screen has four command buttons, namely “Basc Section Cogt”, “Accident
Cod”, “Intersection Deday Cos” and “Trandtion Cost.” The current section number is
displayed at the top of the screen. It starts with section 1 and is automaticaly updated. This
ensures that the user completes analysis for al the sections one after another.
A hepful feature of the software is the color of the four buttons, which is gray at the
outset. Once a button is pressed and dl caculations for that component are completed, the

button changes color to white. After dl the cost components are caculated, and dl the
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buttons have changed colors to white, a button labeed “Next” gppears, which the user must

press to go to the next screen.

The Vehicle Mix Screen (Fmrvehiclemix.frm)

& VEHICLE MIX [ [5]x]

Vehicle Mix for the Section

09 Passenger Cars |
U9 Single Unit Trucks |

09 3 5-2 Combination Trucks 1
Next => 1

Figure 4.6: The Vehicle Mix Screen (Fmrvehiclemix.frm)

Pressng the “Basc Section Cogt” button invokes a screen entitted “Vehicle Mix”,
shown in Figure 4.6. The user is required to enter the percentages of “Passenger cas’,
“Single Unit Trucks’ and “ 3 S2 Combination Trucks’ that make up the vehide mix for the
section. If the volume of any of these vehicle types is consdered to be negligible, a vaue of
zero must be entered for that type. The sum of the percentages must equa to 100; otherwise
an error message will be displayed. When al the percentages are entered, the user clicks on

“Next” button to go to the next screen entitled “Basic Section Cogts for Passenger Cars’.
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The Basic Section Cost for Passenger Cars Screen (Frmbasicsection.frm)

. BASIC SECTION COST FOR PASSENGER CARS | _ & ] x]
E-"Vehicle Type ~Facility -Service Level (F)— V/C Ratio Design Speed

® iy  Yes 1 :j 1 :j

¢ Multilane Highway

~ Two Lane Rural
Highsway

¢ Urban Arterial

Press to Calculate Average Running Speed (MPH) for Passenger Cars I

Back == WNext ==

Figure 4.7. TheBasic Section Cost for Passenger Cars Screen (Frmbasicsection.frm)

The screen entitled “Basic Section Cogt for Passenger Cars’ is shown in Figure 4.7.
The user is prompted to enter the type of highway under condderation. The possble choices
are “Freeway’, “Multi-lane Highway”, “Two-Lane Rurd Highway” and “Urban Arterid”.
These buttons are cdled “option buttons’ since only one choice is accepted from the user.
The next input is whether the level of service (F) or queuing is present or not. The user must
click on either “Yes” or “No.”  The next required input is the volume to capacity (V/C) rétio.
A drop-down menu appears that shows al acceptable V/C ratios. The next input is for the
design speed, which must be selected from one of the values shown in the drop-down menu.

The average running speed is caculated on the bass of the given inputs with the

press of the button “Press to Caculate Average Running Speed’. The user mugt then click on
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the “Next” button to go to a new screen entitled “Travel Time Cost for Passenger Cars’, as

shown in Figure 4.8.

TheTravel Time Cost for Passenger Cars Screen (Traveltime.frm)

. TRAVEL TIME COST FOR PASSENGER CARS mEE

V/C Ratio Design Speed Hourly Value of
Time Per
Passenger Car (%)

N .

‘Press to Calculate the Travel Time Cost (81000 vehicle miles) for Pussenger Cmi ]

Back == Next ==

Figure4.8: The Travel Time Cost for Passenger Cars Screen (Traveltime.frm)
The travel time cost screen requires one input only: the hourly vadue of time per
passenger car. Using this input, the travel time cost is cdculated with the clicking of the

button “Press to Cdculate the Travel Time Cost for Passenger Cars'.

62



The Grade Cost for Passenger Cars Screen (Gradecost.frm)

. GRADE COST FOR PASSENGER CARS [—[2]x]

Average Running Grade Percent  Road Surface

Speed (MPH)
S0 | vl ¢ High Type Surface

¢ Gravel and Stone Type

¢ Earth Type Surface

Press fo Calculate Cost Due to Grades (5/1000 Vehicle Miles) for Passenger Cars i

Back == Next ==

Figure4.9: The Grade Cost for Passenger Cars Screen (Gradecost.frm)

The next screen is the “Grade Cost for Passenger Cars’ (Figure 4.9), where the
software caculates the grade cost for the section under consideration. The input to this
screen is the grade percentage and the type of road surface. The former can be selected from
the dropdown menu, which displays a lig of grades ranging from negative 8 to podtive 8.
The road surface can be high type, gravel and stone, or earth type. The grade cod is
disolayed in the output box. There may be certain inputs (eg. the caculated average running
speed) for which vaues are not avalable in the database. In this case, the following message
“Warning! The average speed (old) has been replaced by the (new average speed).” is
promptly displayed. The new value used is the nearest value obtained from the database,

keeping al other inputs (eg. grade percentage) condtant and changing the variable for which
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no corresponding vaue was found. The new average running speed is displayed “Basic
Section Cost for Passenger Cars’ screen (Figure 4.7). The user has to repest the calculations

for the grade and curve costs once again as these vaues are affected by the new average

running speed.

The Curve Cost for Passenger Cars Screen (Curveform.frm)

. CURVE COST FOR PASSENGER CARS [_[5]=]
Average Running Curvature ~Road Type
Speed (MFPH) (Degrees)

" High Type Swface

@ Gravel and Stone Type

 Earth Type Surface

Press to Caleulate Cost Due to Curves (8/1000 Vehicle Miles) for Passenger Cars i

Next ==

Back <=

Figure 4.10: The Curve Cost for Passenger Cars Screen (Curveform.frm)

The next screen is the “Curve Cogt for Passenger Cars’ (Figure 4.10). The
user has to input the curve angle. The type of road surface sdected in the “Grade Cost for
Passenger Cars’ screen is carried over to this screen. On clicking the button labeled “Press to
Cdculae the Cost Due to Curves’, the curve cost is displayed in the output box. If the vaue

for a set of inputs is not avalable in the database, the nearest value is used as described
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ealier.

The Speed Change Cost for Passenger Cars Screen (Speedchange.frm)

. SPEED CHANGE COST FOR PASSENGER CARS |_ (=] x]
V/C Ratio [ Service Level (F)

%(“Yes

gf’-“Nu

Press to Calculate Cost Due to Speed Change ($/1000 Vehicle Miles) for Passenger Cars i i

The Total Basic Section Cost is ($/1000 Vehicle Miles) For Passenger Cars l

Back == Next ==

Figure4.11: The Speed Change Cost for Passenger Cars Screen (Speedchange.frm)

The speed change cost and the tota Basic Section cost for the passenger cars are

caculated in the next screen entitled “ Speed Change Cost for Passenger Cars’ (Figure 4.11).

The next screen to be displayed depends on the vehicle mix entered previoudy. If the

percentages of the Single Unit Truck and Combination truck are zero, the next screen that

gppearsisthe “Basic Section Cogt for the Totd Vehicle Mix” (Figure 4.12).

However, if the percentage entered for Single Unit Truck or for Combination truck is

not zero, the software displays additionad screens labeled “Basc Section Cost for Single Unit

Trucks’ and/or “Basic Section Cost for 3 S-2 Combination Truck”. The user is led to new

65



screens to cdculate the Basc Section cost for single unit trucks and combination trucks,
which are smilar in gppearance as that of the screens used for calculating Basic Section cost
for passenger cars. Names of such forms are Sutbasicsection.frm, Ctbasicsection.frm,
Sutcurveform.frm, Ctcurveform.frm, Sutgrade.frm, Ctgradefrm, Suttraveltimefrm,

Cttravetime.frm, Sutspeedchangecost.frm and Ctspeedchangecost.frm.

The Basic Section Cost for the Total Vehicle Mix Screen

(Frmcumulativebasicsection.frm)

. BASIC SECTION COST FOR THE TOTAL VEHICLE MIX

Total Basic Section Total Basic Section Total Basic Section Cost
Cost For Passenger Cost For Single Unit For 3 8-2 Combhination
Cars Trucks Trucks

08 0 I%?

% Passenger % Single Unit %3 8-2

Cars Trucks Combination
Trucks

i100 io io

—

Next ==

Press to Calculate the Total Basic Section Cost for the Vehicle Mix ($/1000 Vehicle Miles)

Back==<

Figure4.12: The Basic Section Cost for the Total Vehicle Mix Screen
(Frmcumulativebasicsection.frm)
The screen entitled “Basic Section Cogt for the Totd Vehicle Mix” has the output box

for the total Basic Section cogt which is displayed when the user clicks on the button labeled
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“Press to Cdculate the Totd Badsic Section Cost”. This concludes the cdculation of the Basic

Section Cost.

The Accident Cost Screen (Accident.frm)

&, ACCIDENT COST [=[F]x]

Fatal Accident Injury Accident Property Damage Only
(Humber Per Year) (Humber Per Year) (Number per Year)

I

Press to Calculale Accident Cost (8/Year) for the Vehicle Mix i

Next ==

Figure 4.13: The Accident Cost Screen (Accident.frm)

The user is returned back to the “Main Screen” (Figure 4.5) as soon as the “Next”
command button is pressed. The user then clicks on one of the other three buttons to
caculate the other cost components.

If the user clicks on the “Accident Cost” command button, the software asks the
question “Does the section require the cdculation of Accident Cogt”. On dicking the “Yes’
button the user is taken to the “Accident Cost” screen. If “No” is chosen, the color of the

Accident Cogt button changes to white and no further action is taken here. The “Accident
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Codt” screen (Figure 4.13) requires inputs for the number of Fatd accidents, Injury accidents
and Property Damage Only accidents.

If any of these accident results is congdered to be negligible, a vdue of zero must be
entered for that component. On the click of the button “Press to Cdculate the Accident

Cod”, the annua accident cost is displayed in the output box.

The Trangtion Cost Screen (Transtion.frm)

. TRANSITION COST ME 3
Initial Speed (WMFPH) Speed Reduced and Percent Percent
Returned To (MFPH) Trucks Combhinational
Trucks

i [ i i

¢ One Way Section Cost

¢ Two Way Section Cost

Press to Calculate the Transition Cost Due to Speed Change ($/1000 Vehicles) for the Vehicle Mix i

Next == ]

Figure4.14: The Transtion Cost Screen (Transtion.frm)

Next, if the “Trangtion Cod” button is pressed, the question “Does the section
require the caculation of Trangtion Cost? will be displayed. If the answer is “Yes’, the
“Trangtion Cogt” screen will be displayed (Figure 4.14).

The “Trangtion Cos” screen requires the following inputs: the initid speed of the

68



vehicle, the reduced speed, and whether the calculated cost is for a one-way or two-way
section. The speed data are in the form of dropdown menus, in which the user has to sdlect
from a lig and the number of ways is in the form of an option button. On dicking the button
“Pressto Calculate the Trangtion Cogt”, the trangition cost is displayed in the output box.

The“Next” button takes the user back to the “Main Screen”.

The Intersection Delay Cost Due to Stopping Screen (Delaycosts.frm)

i, INTERSECTION DELAY COST DUE TO STOPPING

=] x|
Volume Saturation Flow Signal Cycle Time Effective Green Intersection Approach Hourly Value of
(Capacity) (Seconds) Time (Seconds) Speed (5=IA8=55) Time for Passenger
Cars ($)
Ratio of Green Lambhda * Saturation Flow Volume / Capacity of Percent Trucks  Percent
Time to Signal (Capacity of Approach) Approach {Chi) Combination Trucks
Cycle Time
(Lambda)

Press fo Calculate Delay Cost Due fo Stopping (51000 Veldcles) for the Vehicle Mix 1 i

Next == ]

Figure 4.15: The Inter section Delay Cost Due to Stopping Screen (Delaycosts.frm)
The find cost component to be caculated is the intersection delay codt. If the user
chooses to include the delay cogt in the cdculations, the “Delay Codt” screen (Figure 4.15)
will be displayed. To cadculate the Dday Cog, the following inputs are required: “Traffic
Volume’, “Road Capacity”, “Signd Cycde Time (Seconds)”, “Effective Green Time
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(Seconds)”, “Intersection Approach Speed’. “Hourly Vaue of Time for Passenger Cars’,
“Percent Single Unit Trucks’ and “Percent Combination Trucks’ ae the inputs dready
known when the Basic Section cost is cdculated. The intermediate components of green time
to cycle time ratio (Lambda), capacity of gpproach and the volume to capacity ratio of
approach are caculated when the inputs are provided. The intersection delay cost due to

stopping is caculated on the click of the button labeled “ Press to Cdculate the Delay Cogt”.

TheIntersection Delay Cost Due to Idling Screen (ldlingcosts.frm)

. INTERSECTION DELAY COST DUE TO IDLING ME R
Lamda Chi Capacity (Vehicles Percent Percent
Per Hour) Trucks Combination

Trucks

50 58 [s25 0 0

Flease Enter the Numher of Intersections

Press to Calculate Delay Cost Due to Idling ($/1000 Vehicles) for the Vehicle Mix i

The Total Intersection Cost is { $/1000 Vehicles) for the Vehicle Mix

Back == Next ==

Figure4.16 Intersection Delay Cost Dueto Idling Screen (Idlingcosts.frm)
The next screen is entitled “Intersection Delay Cost Due to Idliing” (Figure 4.16)
where the intersection delay cost due to idling is computed. The input data are the same as

for the Delay Cogts due to stopping and are displayed here for the user’s information. The
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user needs to enter only the “Number of Intersections’. The Totd Intersection Cost
(Intersection Delay Cost due to Stopping + Intersection Delay Cost due to Idling) is
caculated and displayed in this screen. The user then goes back to the “Main Screen.” If &
this time the color of dl four buttons has changed to white, the “Next” button will appear on
the Main Screen. This button leads to the screen labeled “Totd Cost” (Figure 4.17), where all

the costs calculated so far is displayed.

The Total Cost Screen (Frmtotalcost.frm)

w, TOTAL COST MmE R
Project name: Morgantown-Grafton
Section number: 1

The Equation for Caleulating Annual Road User Costis ((B*L+T+D) * 365 * AADT /1000y + A

Basic Section Cost  Accident Cost Transition Cost Intersection Delay Cost
(B) (&) (I 48]

Length of the Section (L) (Miles) 5

Traffic Volume (Average Annual Daily Traffic) 1450

| Press to Calculate the Total User Cost (/Year) for the Section |3s953s154

Figure4.17: The Total Cost Screen (Frmtotalcost.frm)
The user is now required to enter the length of the section (in miles) and the traffic
volume (AADT) in this screen. The totd codt is displayed as soon as the button “Press to

Cdculate the Totad Cod” is clicked.
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If there are 4ill more sections to be andyzed, the user will cdick on the “Next
Section” button which clears dl the screens and displays the “Main Screen” (Figure 4.5) with
the next section number displayed. The same procedure is repeated and costs are calculated
for the new section. Once al caculations are completed for every section in the project, the
“Next Section” button becomes disabled and the “Finish” button is activated. As dl the
sections are completed at this juncture, the user may wish to view al inputs and outputs on
one screen. This can be achieved usng the screen titled “View/Edit Results’, shown in

Figure 4.18 which is displayed when the “Finish” button (Figure 4.17) is pressed.

View/Edit Results Screen (Outputcosts.frm)

SECTIONS 1 2 3 4 5 E 7 g 9 10 11a
FERCEMT 100

FERCENT 1]

FERCENT 1]

FREE'W&T  False

MULTILANE True

T'w/0 LANE False

LURBAMN False

SERVICE  False

SERVICE  True

WEHICLE 03

DESIGM 70

AVERAGE 53

TIME 10

TRAVEL 340

GRADE 5]

HIGH TYPE False

GEAVEL  True

EARTH False

GRADE 208

CURYE 5

CURYE 110

SPEED 1]

RASII REA _ILI
4 »

Sections Editing Buttons

Edit a Section Add a Section | Delete a Section | Save the Project

Back | Next |

Figure 4.18: View/Edit Results Screen (Outputcosts.frm)
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The table displayed in this screen is cdled a “Hexigrid” The user can widen the
cdls of the grid to view dl the cogts. The left most column shows the input Bbels and the top
most row shows the section number. The user can peform a vaiety of operations by
clicking on one the four “Section Editing Buttons’ disolayed. These buttons are “Edit a
Section”, “Add a Section”, “Delete a Section” and “Save the Project”. Edit a Section button
is used to make modifications in a particular section. If the user clicks on this button, an input
box will be displayed prompting the user for the section number to be edited, after which the
“Man Screen” will be displayed. All caculations for that section can be repeated with the
modified inputs.

If it is dedred to add a new section to the project, clicking on the “Add a Section”
button will take the user back to the “Main Screen”. The number of sections in the project
will be increased by one. However, if there are dready 50 sections in the project, no more
sections can be added. Attempts to increase the number of sections above 50 will result in an
error message.

The “Ddete a Section” button is useful if the user is no longer interested in a
particular section and wants to remove it from the project. An input box will be displayed
asking the user to enter the section number to be deleted. Once the section number is entered,
it isautomatically deleted from the project. Multiple sections can be deleted one by one.

Once the user is fully satisfied with the results, “ Save the Project” button must be pressed. A
window, as shown in Figure 4.19, will be disdlayed and the “View/Edit Results’ screen will
be disabled. The user has to press the “Save’ button to save the project in a desired directory.
The project is then saved in an ASCII text file in the hard drive (C)) for future retrievd and

the “View/Edit Results’ screen is enabled once more. A message entitled “If you have not
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saved the file, Please do s0” is displayed as soon as the “Next” button is pressed. It is the
responsibility of the user to save the file in the desred directory. If the project is not saved at
this juncture, the user may lose dl information. On pressng the “OK” button of the message

box, the next screen titled “Inputs for the Project” screen (Figure 4.20) is displayed.

OPEN/SAVEAS EHE|
Save jn; IQWinnt [D:] j oFl e ==

HPFants hd Details
Frogram Files [ Shorteut ko winnt (D)
Temp ty
Uzers
wehk.atr
winmt

File name: Save I
Save az type: ITe:-:t Filez(" t=t] ﬂ Cancel |

Figure 4.19: The Open/Saveas Dialog Box

Inputsfor the Project Screen (Inputresults.frm)

This screen summarizes the data for a section in a concise format ready to be printed for
arcchival purposes. The user can sdect any individud section to view. The firg section is
displayed by default. Subsequent sections can be viewed by sdecting the section number
from the dropdown menu shown just below the “ Section to View” labd.

The user can dso take printouts of the inputs by pressng the “Print” button. On clicking

the “Print” button, awindow entitled “Print Results’ is displayed as shown in Figure 4.21.
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Figure 4.20: Inputsfor the Project Screen (Inputresults.frm)

ThePrint Results Screen (Frmprint.frm)

. PRINT RESULTS

select Section Number to be Printed

| [

Print | Cancel |

Figure4.21: The Print Results Screen (Frmprint.frm)

The user has to sdect a section number to print in this screen. He can print individua
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sections by sdecting a particular section number from the dropdown titled “ Sdlect Section
Number to be Printed” or sdect “All” from the dropdown to print al sections in successon.
Each section will be printed on a separate page.

Clicking on the “Next” button in Figure 4.20 will take the user to the “View Reaults’

screen (Figure 4.22).

The View Results Screen (Viewresults.frm)

m, YIEW RESULTS (SECTIONS 1 TO 10) [_]=]=]
Title of the Project I

Section Basic Section  Transition Cost  Intersection AADT Accident Cost(§ Section  Total Road User

Numher  Cost($per  (3per1000  Delay Cost per year) Length  Costs per Section
1000 Vehicle  Vehicles) (§per 1000 (Miles) ($Tear)
miles) Vehicles)
- | | | | | f
B | | | | | |
__ B | | | | | |
_ | | | | | |
_ | | | | | |
_ I | | | | | |
. | | | | | |
. I | | | | | |
_ I | | | | | |
= I | | | | | |
e o
| |
Print Output |  Back | Next |

Figure4.22: The View Results Screen (Viewresults.frm)
This screen display dl cost components of each section (ten sections per screen) and
total costs for the whole project. ViewresultsL.frm, Viewresult2.frm, Viewresults3.frm and
ViewresultsAfrm ae led to automaticdly if number of sections is more than ten. At this

point the user can print the results for future reference. The “Back” button takes the user back
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to the previous screen. The “Next” button takes the user to the next screen in case there are
more than ten sections. Otherwise, the “Next” button is replaced by the “End” button, which
helps the user to exit the software. On pressing the “End” button, a window appears with a
message “Do you want to go to a New Sesson?’. If the user presses the “Yes’ button, the

screen in Figure 4.1 appears. The “No” button terminates the software.

Opening an Existing File Screen (Open.frm)

m DFEMENG AR EXIETIHD FILE

File Name

Project Title |

Coments

Number of Sections in This F
Project

FPlease Enter Section
MNumber to be Viewed
and Press OK

Back << ‘ OK

Figure 4.23: Opening an Existing File Screen (Open.frm)
To retrieve information saved in an exiding file, the usr must dick on the “Opening
an Exiging Fle’ button displayed in the “Startup” screen (Figure 4.3). This would bring up
the open/saveas didog box shown in Figure 4.19 from which the user sdects the file to open.

The user can dso browse through al directories to find the desired file.
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Once a file is sdlected, a new screen entitled “Opening an Exiging Fle’ (Figure 4.23)
will be displayed. This screen shows the file name, the title of the project, brief comments on
the project and the number of sections. An input box is dso shown prompting the user for
the section number to be viewed or edited. If the value entered for the section number to be
viewed is larger than the number of sections in the project, an eror message will be
displayed.

The user must enter a vaid section number and press the “OK” button to proceed to
the “Man Screen’. A labd on top of the screen shows the section number being viewed.
The “Basic Section Cog”, “Accident Cost”, “Intersection Delay Cost” and “Trangtion Cost”
buttons are digplayed on the screen. The user may press any one of them to view or make
changes to the cost components.

Due to the fact that change in inputs in one screen may affect other screens, the user
has to make sure that changes are reflected in dl the required screens. If the user fails to do
S0, error messages will be displayed. As an example, if the user wants to change the grade
percentage for passenger cars, he has to go to the “Grade Cost for Passenger Car” screen,
sdect a new grade percentage from the dropdown menu and click on the button “Press to
Cdculate Grade Cog” to complete the caculation. The new grade cost aso changes the total
Basic Section cost, so the user has to proceed to the “ Speed Change Cost for Passenger Cars’
screen and click on “Press to Calculate the Speed Change Cost” to display the changed cost.

Once dl the necessary changes are made, the user clicks on the “Next” button on the “Man
Screen” to move to the “Totd Cost” screen. Here, the new costs are displayed in their
respective output boxes. At this point it is dso possble to change the length of the section.

When the user is satisfied with the changes, the button “Press to Cadculate the Tota Cost for
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the Section” must be pressed to display the new tota cost.

The user can go to the next screen titled “View/Edit Results’ (Figure 4.18) where it is
possible to use the various editing buttons avalable. The old costs may be revised ether by
viewing each section as in the screen “Opening an Exiding File' (Figure 4.23) or by using
the edit buttons in the screen “View/Edit Results’ (Figure 4.18). After making dl the
changes needed, the user must save dl the work for future retrieval. The user can proceed to

obtain printouts of the projects after changes.

The View/Update | ndices Screen (Frmupdateindices.frm)

w. YIEW/UPDATE INDICES HEE
YEAR CPI(Fuel) CPI{Motor CPI (Depreciation) CPI CPI (Maintenance)
Oily (Tires)
BASE 1975 [42.3 |s9.5 |60.9 [68.4  |s1.7
PPI (Fuel, Single PPI (Fuel, PPI(Moitor PFI(Tires) PPI(Depreciation, PPI(Depreciation, CPL Toial WP, Industrial
Unit Truck)  Combination Truck)  Oil) Single Unit Truck) Combination Truck) Commodities
30.6 208 1z fss |s5.8 [493 52.1 [53.6
YEAR CPI(Fuel) CPI{Motor CFPI (Depreciation) CPI CPI (Maintenance)
oily (Tires)
CURRENT | ! ! ! ! i
PPI (Fuel, Single PPI (Fuel, PPI(Motor PPI(Tires) PPI(Depreciation, PPI(Depreciation, CPL Toial WEI,
Unit Truck)  Combination Truck)  0il) Single Unit Truck) Combination Truck) Ié\dushi:ilﬁg
OTLINLO £

Fatal Accident Injury Accident Cost Property Damage

Cost ($/Fatality) ($/Tnjury) Only Cost ($/Accident)
ACCIDENT
COSTS | I |
Back (No Save Changes And
Modifications) Update Cost Tables

Figure 4.24: The View/Update | ndices Screen (Frmupdateindices.frm)
All cogt tables are stored in Excel worksheets. These tables must be updated annudly

so that caculated codts reflect the latest cost figures. The first step is to press the ”Update
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Cogst Tables and Indices’ button on the “Road User Cost Application” screen, shown in
Figure 4.2. Once this button is clicked, screen entitled “View/Update Indices’ (Figure 4.24)
is invoked. This screen opens and displays the base year, consumer price indices (CPl) and
producer price indices (PPI), previoudy caled wholesde price indices (WPI) for dl price
components: CPl (Fuel), CPI (Motor Qil), CPl (Depreciation), CPl (Tires) and CPI
(Maintenance), PPl (Fud, Single Unit Truck), PPl (Fuel, Combination Truck), PPl (Motor
Qil), PPl (Tires), PPl (Depreciation, Single Unit Truck), PPl (Depreciation, Combination
Truck), CPI (Totd) and WP (Industrid Commodities). The user must enter the current year
and the latest CPI's, PPI's in the specified input boxes and click the “Save Changes and
Update Cost Tables’ button to update al the cost tables. The latest avallable vehicular
accident codts, as published by the Nationa Safety Council, must aso be entered. Once the
updating is finished, the user goes back to the “Road User Cost Application” screen. If the
user does not want to save the changes made, he can go back to the “Road User Cost

Application” screen by pressing the “Back (No Modifications) ” button.

The Economic Analysis Screen (Frmeconomic.frm)

Another gpplication of the software isto compute the present vaue of dl the annua
user benefits due to the improvement over the analysis period, and to compare this present
va ue with the computed present value of the project costs associated with the improvement.
A project (or project dternative) can be deemed economicaly judtifiable if the present vaue

of the project-related benefits exceeds the present value of dl project-related costs. The user
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Economic Analysis

| Mot Presess Volwe Tor

Comprat tvan Belween
| Projects with Consisnt Frajecis Back
| Grewth |

Figure 4.25: The Economic Analysis Screen (Frmeconomic.frm)
clicks on the “Economic Analyss’ button displayed in the “Welcome’ screen (Figure 4.1), to

invoke the “Economic Analysis’ screen, shown in Figure 4.25, which includes three buttons.

The Economic Analysisfor Uniform Increase or Decrease Screen
(Frmuniformnpv.frm)

The “Net Present Vdue for Project with Congtant Growth” button is used to caculate
the present vdue for a project that has a condant anticipated annua growth rate for
maintenance and user codts during the andyss period. On clicking this button, the screen
entitted “Economic andyds for Uniform Increese or Decreass’” (Figure 4.26) will be

displayed.
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W, ECONOMIC ANALYSIS FOR UNIFORM INCREASE OR DECREASE [-[7]=]
Na.m.e of Il Analysis Period (Years)
Project
Rate of Return (%o)

First Year First Year Right Average Annual Average Annual
Construction Cost of Way Cost Maintenance Cost Road User Cost
(Thousand $) (Thousand $) (Thousand $) (Thousand $)
Growth Rate for Growth Rate for Road
MMaintenence Cost (%o) User Cost (%o)

Press to Calculate Present Value (Thousand $) |

Print

Back | End |

Figure 4.26: The Economic Analysisfor Uniform Increase or Decrease Screen
(Frmuniformnpv.frm)

The user must input the analysis period (in years), the growth rate for road user cost
and maintenance cog, the rate of return, construction costs and right of way codts for the first
year and average annud maintenance cost and average annua road user cost in the specified
input boxes. On dlicking the button entitted “Press to Caculate the Present Vaue', the
present vaue is caculated and displayed on the screen. The user can dso print the screen by

pressing the button “Print”.
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TheInput Data for Economic Analyss Screen (Frminput.frm)

. INPUT DATA FOR ECONOMIC ANALYSIS - F]x]

Comparison Between Two Projects

Title of the Base Alternative I

Title of the New Alternative I

Rate of Return (%)

Analysis Period (Years)

Back

Next |

Figure 4.27: The Input Data for Economic Analysis Screen (Frminput.frm)

To compare between two projects, the user has to click the button “Comparison
Between Projects’ in the “Economic Andyds’ screen (Figure 4.25). A new screen entitled
“Input Data for Economic Anayss’ (Figure 4.27) will appear. The user must input the rate
of return and analyss period in the input boxes and click on the “Next” button. The andyss

period must not exceed forty years.

TheBaseor Alternative 0 Screen (Frmbase.frm)
“Base or Alternative 0" screen, Figure 4.28, displays input boxes for construction

cog, right of way cost, maintenance cost, road user cost and volume of traffic (corresponding
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. BASE OR ALTERNATIVE 0

Title of the Base Project

Costs (Thousand $)

Base or Alternative Zero

Year Construction Right of Way NMaintenance

Road User Costs
(% per 1000
Vehicles)

Volume

0

e S0 g o th Bk W R

e
(=]

RESIDUAL

Back Mext

- [=]x]

to the Totd Yearly Cost per 1,000 Daly Vehicles and the AADT respectively, caculated in
Figure 4.22) and the Resdud Cogs of the project. The input boxes agppear dynamicdly
depending on the andyss period, i.e. if the number of years is ten, then ten sets of input

boxes appear. Frmbasel.frm, Frmbase2.frm and Frmbase3.frm, which ae smilar to

Figure 4.28: The Base or Alternative 0 Screen (Frmbase.frm)

Frmbase.frm, are led to autometicaly depending on the user input for andlysis period.
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The New Alter native Screen (Frmcurrent.frm)

&, NEW ALTERNATIVE =2 x]

Title of the New Alternative ||

New Alternative
Costs (Thousand §) Road User Costs
(% per 1000
Year Construction Rightof Way Maintenance Vehicles) Yohume

0

w0 - 4 th R bR

—
(=}

RESIDUAL
Back | Next |

Figure 4.29: The New Alternative Screen (Frmcurrent.frm)

After inputting dl daa for the base and dternative, the user clicks on the “Next”
button to go to a new screen entitted “The New Alternative’, shown in Figure 4.29, which
has the same display format as the previous screen. The data entered here pertains to the new
dternative or the cogts of making improvements to an exising roadway. After dl inputs are
complete, the user clicks on the “Next” button to go to the screen where the Net Present
Vdue is cdculated. Frmcurrentlfrm, Frmcurrent2frm and Frmcurrent3.frm, which are

gmilar to Frmcurrent.frm, are led to automaticaly depending on the user input for andyss

period
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The Net Present Value Analysis Screen (Frmnpv.frm)

. NET PRESENT VALUE ANALYSIS _ 7] x]

Title of the Base Project

Title of the New Alternative I

Net Present Analysis

Year Net MNet Right of Net Het Benefits PV of Costs PV of Benefits NPV
Construction Way Maintenance

= ~ e I~ T ¥ | e e i o S =

=
(=1

Press to Calculate the et Present Value (Thousand §) |
NET RESIDUAL Print | Back | End |

Figure 4.30: The Net Present Value Analysis Screen (Frmnpv.frm)

This screen is entitled “Net Present Vaue Andyss’, Figure 4.30, which displays the
net condruction costs, net right of way codts, net mantenance costs, and net benefits.
Frmnpvlfrm, Frmnpv2frm and Frmnpv3.frm, which are dmilar to Frmnpv.frm, are led to
automaticaly depending on the user input for andysis period.

There are dso severd boxes displayed in which the present vdue of the costs
(condruction cogt + right of way cost + maintenance cost) and present vaue of the benefits
are shown. The user must click on the “Press to Cdlculate the Net Present Vaue’ button to
caculate the present values of annual codts and benefits, the Net Present Vaue for each year
and the overall Net Present Vaue.

The user can teminate this sesson by pressng the “End’ button. This button is
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replaced by the “Next’ button if the analysis period exceeds 10 years. The screen shown in
Figure 4.30 had an andyss period of 10 years. In short, the last screen would have the “End”
button required to terminate the session.

The code is written in BASIC and each and every form is associated with a code for
carying out the designated functions. The program code aso has a module, which has dl the

globd functions.

4.3 Database Description

The database having dl the cogst figures is sored in MS-Excd worksheets. There are
two-database tables. One is named as basexls and the other is current.xls. Each sheet has
been given a name to identify the type of daa dtored in it. All the shedts that are present in
the database table basexIs are listed below and the corresponding nomographs and tables
referred from the Manuad are described below. The currentxls dso has the same sheet
names, the only difference being the cost tables are the updated to the current year.
TRANSITION: The “Trangtion” sheet holds the data for the trangtion costs computed by
digitizing the nomograph (Figure 20, pp. 70) of the Manud. The trandtion cost figures are
used to calculate the trangition costs.
TRANADJUST: The “Tranadjust” sheet contains the data for adjusting the trangtion costs
when trucks, both single unit trucks and 3 S-2 combination trucks are present in the vehicle
mix. The percentages of the two types and the cost factor with which it shdl be multiplied
areliged. Thetableislisted in page 70 of the Manud.
GRADE: The “Grade” sheet contains the database on the grade costs for passenger cars.

This database was condructed by digitizing the nomographs provided in the Manud. It is
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function of the grade percent and average running speed. The table is liged as Table B-4,
Page 126 of the Manud.

CURVE: The “Curve’ sheet contains the cogs incurred in negotiating curves on the andyss
section by passenger cars. This codt is a function of the degree of curvature and the average
running speed. Thetableislisted as Table B-7, Page 129 of the Manual.

PAVEDTOGRAVEL: This shegt contains adjustment factors multiplied to the grade and
curve costs if the road is “Grave and Stone” type. Figure 19 (pp. 62) of the Manud entitled
“Multiplicative Factors To Convet Motor Vehide Running Cost On Highway Type
Pavements To Cost On Gravel And Stone Or To Earth Roadway Surfaces’ was digitized for
this purpose.

PAVEDTOEARTH: This shest has the adjusment factors for “Earth’ type surface and
these factors are used to adjust the grade and curve costs according to the road type. Figure
19 (pp. 62) of the Manud entitted “Multiplicative Factors To Convert Motor Vehicle
Running Cost On Highway Type Pavements To Cost On Gravd And Stone Or To Earth
Roadway Surfaces’ was digitized for this purpose.

ARTERIALSPEEDCHANGECOST: This sheet contains dl the cogt figures necessary to
caculate the speed change cost for passenger cars in an Arterid type of highway. It includes
the cogt figures for a level of service present as wdl as absent. The nomograph listed on page
53 of the Manud entitted “Basic Section Costs (B) for Passenger Cars on Arterias’ was
digitized for this purpose.

TWOLANESPEEDCHANGECOST: This sheet contains data on the speed change cost for
passenger cars in a two-lane or rura highway. It includes the cogt figures for a leved of

service present as well as absent. The nomograph listed on page 52 of the Manud entitled
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“Basic Section Cogts (B) for Passenger Cars on Two-Lane Highways' was digitized for this
purpose.

MULTILANESPEEDCHANGECOST: This sheet furnishes the data necessary to cdculate
the speed change cost for Multi-Lane facility for passenger cars. It includes the cost figures
for a levd of service present as well as absent. The nomograph listed on page 51 of the
Manua entitled “Basic Section Costs (B) for Passenger Cars on Multi-Lane Highways' was
digitized for this purpose.

FREEWAY SPEEDCHANGECOST: This sheet contains data on speed change cost for
passenger cars on a Freeway. It includes the cost figures for a level of service present as well
as absent. The nomograph listed on page 50 of the Manual entitled “Basic Section Costs (B)
for Passenger Cars on Freeways’ was digitized for this purpose.

TTCARTERIALSF: This sheet has the data for travel time cost for passenger cars on an
Arterid facility with a levd of service present. The nomograph listed on page 53 of the
Manud entitled “Basic Section Codts (B) for Passenger Cars on Arterids’ was digitized for
this purpose.

TTCARTERIALNOSF: This sheet has the data for travel time cost for passenger cars on an
Arterid facility where level of sarvice is absent. The nomograph listed on page 53 of the
Manua entitled “Basic Section Costs (B) for Passenger Cars on Arterids’ was digitized for
this purpose.

TTCTWOLANESF: This sheet contains data on travel time cost for passenger cars on a
two-lane fadlity with a level of service present. The nomograph lised on page 52 of the
Manua entitted “Basc Section Cods (B) for Passenger Cars on Two-Lane Highways' was
digitized for this purpose.
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TTCTWOLANENOSF: This sheet contains data on travel time cost for passenger cars on a
two-lane fecility with a level of sarvice absent. The nomogreph lised on page 52 of the
Manud entitled “Basic Section Cogs (B) for Passenger Cars on Two-Lane Highways’ was
digitized for this purpose.

TTCMULTISF: This sheet contains data on the travel time cost for passenger cars on a
multi-lane highway with a level of service present. The nomograph liged on page 51 of the
Manud entitled “Basic Section Codts (B) for Passenger Cars on Multi-Lane Highways' was
digitized for this purpose.

TTCMULTINOSF: This sheet contains data on the travel time cost for passenger cars on a
multi-lane highway without a level of service The nomograph liged on page 51 of the
Manua entitled “Basic Section Codts (B) for Passenger Cars on Multi-Lane Highways’ was
digitized for this purpose.

TTCFREEWAYSF: This sheet contains data for travel time cost for passenger cas on a
Freeway having a level of service, F. The nomogreph lised on page 50 of the Manud
entitted “Basic Section Codsts (B) for Passenger Cars on Freeways’ was digitized for this
purpose.

TTCFREEWAYNOSF: This sheet contains data for travel time cost for passenger cars on a
Freeway with a level of sarvice, F absent. The nomograph listed on page 50 of the Manud
entitted “Basic Section Cods (B) for Passenger Cars on Freeways’ was digitized for this
purpose.

SPEEDARTERIALNOSF: This sheet contains the average running speed for a passenger
cars on an Arterid facility without level of service. These codts are a function of the vehicle

to capacity ratio and the design speed. The nomograph listed on page 53 of the Manud
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entitted “Basic Section Cods (B) for Passenger Cars on Arterids’ was digitized for this
purpose.

SPEEDTWOLANENOSF: This sheet contains the average running Speed for a passenger
cars utilizing a two-lane highway without a level of service. These cods are a function of the
vehicle to capecity ratio and the design speed. The nomograph listed on page 52 of the
Manuad entitted “Basc Section Cods (B) for Passenger Cars on Two-Lane Highways' was
digitized for this purpose.

SPEEDMULTINOSF: This sheet has cost figures for average running speed of passenger
cars traveling on a Multi-Lane highway without a level of sarvice. These codts are a function
of the vehicle to capacity ratio and the design speed. The nomograph listed on page 51 of the
Manuad entitled “Basic Section Codts (B) for Passenger Cars on Multi-Lane Highways' was
digitized for this purpose.

SPEEDFREEWAYNOSF: This sheet has data on average running speed for passenger cars
on a Freeway without a level of service. These codts are a function of the vehicle to capacity
ratio and the desgn speed. The nomograph listed on page 50 of the Manua entitled “Basic
Section Cogts (B) for Passenger Cars on Freeways’ was digitized for this purpose.
SPEEDARTERIALSF: This sheet contains the average running speed for passenger cars on
an Arterid faclity with a levd of service, F. These codts are a function of the vehicle to
capacity ratio and the design speed. The nomograph listed on page 53 of he Manud entitled
“Bagc Section Codts (B) for Passenger Cars on Arterids’ was digitized for this purpose.
SPEEDTWOLANESF: This sheet contains the average running speed for passenger cars
utilizing a two-lane highway with a level of sarvice, F. These codts are a function of the

vehicle to capacity ratio and the design speed. The nomograph lised on page 52 of the
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Manuad entitted “Basic Section Cods (B) for Passenger Cars on Two-Lane Highways' was
digitized for this purpose.

SPEEDMULTISF: This sheet includes cost figures for average running speed of passenger
cars traveling on a Multi-Lane highway with a level of sarvice, F. These codts are a function
of the vehicle to capacity ratio and the design speed. The nomograph listed on page 51 of the
Manud entitled “Basic Section Costs (B) for Passenger Cars on Multi-Lane Highways' was
digitized for this purpose.

SPEEDFREEWAY SF: This sheet includes data on the cost based on average running speed
for passenger cars on a Freeway with a level of service, F. These cods are a function of the
vehicle to capecity ratio and the design speed. The nomogreph listed on page 50 of the
Manua entitled “Basic Section Codts (B) for Passenger Cars on Freeways’ was digitized for
this purpose.

AVJISTOPPERVEH: This sheet contains data on the average stops per vehicle (per signd)
on an intersection. It is a function of chi and lambda. The nomograph listed as Figure 21 (pp.
72) of the Manud has been digitized for making thistable.

ADDEDSTOPDELAY: This sheet contains figures on the added stopping delay cost per
ggnd (Time Cogt or cost due to Time Vdue of Money) in an intersection. It is a function of
average length of stop in an intersection and the intersection gpproach speed. The nomograph
listed as Figure 21 (pp. 72) of the Manual has been digitized for making this table.
DELAYTIMEADJUST: This sheet contains adjustment factors for delay time with respect
to the presence of trucks, both single unit trucks and 3 S-2 combination trucks, when the
added stopping delay cost is computed. This table corresponds to the table listed in page 72

of the Manud.
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ADDEDSTOPCOST: This sheet contains data on the added stopping cost per signd
(Running Cog) in an intersection. It is a function of the average sop per vehicles and the
approaching speed to a sgna on an intersection. The nomograph listed as Figure 21 (pp. 72)
of the Manua has been digitized for making this table.

DELAYCOSTADJUST: This sheet contains adjusment factors for delay time costs with
respect to the presence of trucks, both single unit trucks and 3 S2 combination trucks, when
the added stopping delay cost is computed. This table corresponds to the table listed in page
72 of the Manudl.

IDLINGDELAY: This sheet has the data on the average delay per vehicle and is a function
of chi and the capacity of the road on a sgnd of an intersection. The nomograph listed as
Figure 22 (pp. 73) has been digitized for making this table.

CYCLETIME: This sheet contains data on the correction to the average delay per vehicle
and is a function of lambda and Cycle-time (Sgnd Cyde Time + Effective Green Time).
The nomograph listed as Figure 22 (pp. 73) has been digitized for making thistable.
IDLINGTIME: This sheet contains the time in seconds spent due to idling at intersections.
The nomograph listed as Figure 22 (pp. 73) has been digitized for making thistable.
IDLINGTIMECOST: This sheet has the data on cost (Delay Cost due to Time vaue of
Money) for idling on a sgnd on an intersection and is a function of time (Idling time). The
nomograph listed as Figure 22 (pp. 73) has been digitized for making thistable.
IDLINGTIMEADJUST: This sheet contains adjusment factors for delay time costs with
respect to the presence of trucks, both single unit trucks and 3 S2 combination trucks, when
the delay cost is computed. This table corresponds to the table listed in page 73 of the

Manud.
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IDLINGCOST: This sheet has the data on cost (Idling Cogt) for idling on a signd on an
intersection and is a function of time (Idling time a an Intersection). The romograph listed as
Figure 22 (pp. 73) has been digitized for making this table.

IDLINGCOSTADJUST: This sheet contains adjusment factors for delay time costs with
respect to the presence of trucks, both single unit trucks and 3 S2 combination trucks, when
the idling cost is computed. This table corresponds to the table listed in page 73 of the
Manudl.

ACCIDENTCOSTS: This sheet contains the latest vehicular accident costs for the Fatdl
Accident, Injury Accident and Property Damage Only type of accident.

CPIINDICES: This sheet has the consumer price indices and producer price indices on
which the database is based upon. If the latest consumer price indices are available, the user
must update the database based on the given provisons. The latest cost factors replaces the
old factors once the update is done in current.x|s.

SUTGRADE: This sheet contains the database on the grade costs for single unit trucks. This
database was condructed by digitizing the nomographs provided in the Manud. It is function
of the grade percent and average running speed. The table is listed as Table B-5, Page 127 of
the Manud.

SUTCURVE: This sheet contain the cogs due to curves incurred in negotiating curves on
the andyds section by single unit trucks This cogt is a function of the degree of curvature
and the average running speed. The tableislisted as Table B-8, Page 130 of the Manud.
SUTARTERIALSPEEDCHANGECOST: This sheet contans dl the cost figures
necessary in cdculatiing the speed change cost for single unit trucks in Arterid type of

highway. It includes the cogt figures for a levd of service present as wel as absent. The
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nomograph listed on page 57 of the Manud entitled “Basic Section Codts (B) for Single Unit
Trucks on Arterids’ was digitized for this purpose.

SUTTWOLANESPEEDCHANGECOST: This sheet contains data on the speed change
cod for sngle unit trucks in a two-lane or rurd highway. It includes the cost figures for a
level of service present as well as absent. The nomograph listed on page 56 of the Manud
entitted “Badc Section Codsts (B) for Single Unit Trucks on Two-Lane Highways' was
digitized for this purpose.

SUTMULTILANESPEEDCHANGECOST: This sheet furnishes the data necessary to
cdculate the speed change cost for Multi-Lane fadlity for angle unit trucks. It includes the
cost figures for a level of service present as well as absent. The nomograph listed on page 55
of the Manud entitled “Badc Section Costs (B) for Single Unit Trucks on Multi-Lane
Highways’™ was digitized for this purpose.

SUTFREEWAY SPEEDCHANGECOST: This sheet contains data on speed change cost
for sngle unit trucks on a Freeway. It includes the cost figures for a level of service present
as well as absent. The nomograph listed on page 54 of the Manud entitled “Basic Section
Costs (B) for Single Unit Trucks on Freeways’ was digitized for this purpose.
SUTTTCARTERIALSF: This sheet has the data for travd time cost for sngle unit trucks
on an Arterid facility with a levd of service. The nomograph listed on page 57 of the Manud
entitled “Basic Section Cods (B) for Single Unit Trucks on Arterids’ was digitized for this
purpose.

SUTTTCARTERIALNOSF: This sheet has the data for trave time cogt for single unit
trucks on an Arterid facility without a levd of service. The nomograph listed on page 57 of

the Manud entitled “Basc Section Cogts (B) for Single Unit Trucks on Arterids’ was
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digitized for this purpose.

SUTTTCTWOLANESF: This sheet contains data on travel time cogst for dngle unit trucks
on a two-lane fadlity with a levd of service, F. The nomograph listed on page 56 of the
Manud entitted “Badc Section Codgts (B) for Single Unit Trucks on Two-Lane Highways’
was digitized for this purpose.

SUTTTCTWOLANENQOSF: This sheet contains data on travel time cost for single unit
trucks on a two-lane facility without a levd of service The nomograph listed on page 56 of
the Manua entitted “Basc Section Codts (B) for Single Unit Trucks on Two-Lane
Highways’ was digitized for this purpose.

SUTTTCMULTISF: This sheet contains data on the travel time cost for sngle unit trucks
on a Multi-Lane highway with a level of service, F. The nomograph listed on page 55 of the
Manud entitled “Basic Section Cods (B) for Single Unit Trucks on Multi-Lane Highways’
was digitized for this purpose.

SUTTTCMULTINOSF: This sheet contans data on the travd time cogt for single unit
trucks on a Multi-Lane highway without a level of service. The nomograph listed on page 55
of the Manud entitled “Badc Section Costs (B) for Single Unit Trucks on Multi-Lane
Highways’ was digitized for this purpose.

SUTTTCFREEWAYSF: This sheet contains data for travel time cogt for sngle unit trucks
on a Freeway having a leve of service, F. The nomograph listed on page 54 of the Manud
entitted “Basic Section Codsts (B) for Single Unit Trucks on Freeways’ was digitized for this
purpose.

SUTTTCFREEWAYNOSF: This sheet contains data for travel time cost for single unit

trucks on a Freeway having a levd of sarvice. The nomogreph lissed on page 54 of the
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Manud entitled “Basic Section Codts (B) for Single Unit Trucks on Freeways’ was digitized
for this purpose.

SUTSPEEDARTERIALNOSF: This sheet contains the average running speed for dngle
unit trucks on an Arterid facility without level of service These cods are a function of the
vehicle to capecity ratio and the design speed. The nomograph lissed on page 57 of the
Manud entitled “Basic Section Cods (B) for Single Unit Trucks on Arterids’ was digitized
for this purpose.

SUTSPEEDTWOLANENOSF: This sheet contains the average running speed for a single
unit trucks utilizing the Two-Lane highway without a level of sarvice These cods ae a
function of the vehicle to capacity ratio and the design speed. The nomograph listed on page
56 of the Manua entitted “Basic Section Costs (B) for Single Unit Trucks on Two-Lane
Highways’™ was digitized for this purpose.

SUTSPEEDMULTINOSF: This sheet has cost figures for average running speed of dingle
unit trucks traveling on a Multi-Lane highway without a level of service. These codts ae a
function of the vehicle to capacity ratio and the design speed. The nomograph listed on page
55 of the Manud entitled “Basic Section Codgts (B) for Single Unit Trucks on Multi-Lane
Highways’™ was digitized for this purpose.

SUTSPEEDFREEWAYNOSF: This sheet has data on average running speed sngle unit
trucks on a Freeway without a level of service. These cods are a function of the vehicle to
capacity ratio and the design speed. The nomograph listed on page 54 of the Manud entitled
“Basic Section Codts (B) for Single Unit Trucks on Freeways’ was digitized for this purpose.
SUTSPEEDARTERIALSF: This shest contains the average running speed for single unit

trucks on an Arterid facility with a levd of sarvice, F. These codts are a function of the
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vehicle to capacity ratio and the design speed. The nomogreph listed on page 57 of the
Manud entitled “Basic Section Cods (B) for Single Unit Trucks on Arterids’ was digitized
for this purpose.

SUTSPEEDTWOLANESF: This sheet contains the average running speed for a single unit
trucks utilizing the Two-Lane highway with a level of sarvice, F. These costs are a function
of the vehicle to capacity ratio and the design speed. The nomograph listed on page 56 of the
Manud entitted “Basc Section Codgts (B) for Single Unit Trucks on Two-Lane Highways’
was digitized for this purpose.

SUTSPEEDMULTISF: This sheet has cogt figures for average running speed of single unit
trucks travding on a Multi-Lane highway with a levd of sarvice, F. These cods ae a
function of the vehicle to capacity ratio and the design speed. The nomograph listed on page
55 of the Manud entitled “Basic Section Cogts (B) for Single Unit Trucks on Multi-Lane
Highways’ was digitized for this purpose.

SUTSPEEDFREEWAY SF: This sheet has data on average running speed single unit trucks
on a Freaway with a level of sarvice, F. These cods are a function of the vehicle to capacity
ratio and the design speed. The nomograph listed on page 54 of the Manua entitled “Basic
Section Cogts (B) for Single Unit Trucks on Freeways’ was digitized for this purpose.

CTGRADE: This sheet contains the database on the grade costs for 3 S-2 combination
trucks. This database was condructed by digitizing the nomographs provided in the Manud.
It is function of the grade percent and average running speed. The table is listed as Table B-6,
Page 128 of the Manud.

CTCURVE: This sheet contains the codts due to curves incurred in negotiating curves on the

andyss section by 3 S-2 combination trucks. This cost is a function of the degree of
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curvature and the average running speed. The table is lisged as Table B9, Page 131 of the
Manudl.

CTARTERIALSPEEDCHANGECOST: This sheet contains dl the cost figures necessary
in caculaing the speed change cogt for a 3 S-2 combination trucks in Arterid type of
highway. It includes the cost figures for a levd of service present as well as absent. The
nomograph listed on page 61 of the Manua entitted “Basc Section Cogts (B) for 3-S2
Combination Trucks on Arterids’ was digitized for this purpose.
CTTWOLANESPEEDCHANGECOST: This sheet contains data on the speed change cost
for a 3 S2 combination trucks in a two-lane or rurd highway. It includes the cogt figures for
a leve of sarvice present as well as absent. The nomograph listed on page 60 of the Manua
entitled “Basic Section Codts (B) for 32 Combination Trucks on Two-Lane Highways’ was
digitized for this purpose.

CTMULTLANESPEEDCHANGECOST: This sheet furnishes the daa necessxy to
cdculate the speed change cost for Multi-Lane facility for 3 S-2 combination trucks. It
includes the cogt figures for a level of service present as well as absent. The nomograph
listed on page 59 of the Manud entitted “Basic Section Costs (B) for 3-S2 Combination
Trucks on Multi-Lane Highways’ was digitized for this purpose.

CTFREEWAY SPEEDCHANGECOST: This sheet contains data on speed change cost for
3 S-2 combination trucks on a Freeway. It includes the cogt figures for a levd of service
present as well as absent. The nomograph listed on page 58 of the Manud entitled “Basic
Section Costs (B) for 3-S2 Combination Trucks on Freeways’ was digitized for this purpose.
CTTTCARTERIALSF: This sheet has the data for travel time cost for 3 S2 combination

trucks on an Arterid facility with a levd of service. The nomograph listed on page 61 of the
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Manud entitled “Badc Section Codts (B) for 3-S2 Combination Trucks on Arterids’ was
digitized for this purpose.

CTTTCARTERIALNOSF: This sheet has the data for travel time cost for 3 S-2
comhbination trucks on an Arterid facility without a level of service. The nomograph listed on
page 61 of the Manua entitled “Basic Section Costs (B) for 3-S2 Combination Trucks on
Arterids’ was digitized for this purpose.

CTTTCTWOLANESF: This sheet contains deta on travel time cost for 3 S-2 combination
trucks on a two-lane fadlity with a levd of sarvice, F. The nomograph listed on page 60 of
the Manua entitled “Basc Section Costs (B) for 3-S2 Combination Trucks on Two-Lane
Highways’™ was digitized for this purpose.

CTTTCTWOLANENOSF: This dheet contans data on travel time cost for 3 S-2
combination trucks on a two-lane facility without a level of service. The nomograph lised on
page 60 of the Manua entitled “Basic Section Codts (B) for 3-S2 Combination Trucks on
Two-Lane Highways’ was digitized for this purpose.

CTTTCMULTISF: This sheet contains data on the travel time cost for 3 S-2 combination
trucks on a multi-lane highway with a level of sarvice, F. The nomograph lisgted on page 59
of the Manud entitled “Basic Section Costs (B) for 3S2 Combination Trucks on Multi-Lane
Highways’ was digitized for this purpose.

CTTTCMULTINOSF: This sheet contains data on the trave time cost for 3 S2
combination trucks on a multi-lane highway without a level of service. The nomograph listed
on page 59 of the Manua entitled “Basic Section Cogts (B) for 3S2 Combination Trucks on
Multi-Lane Highways’™ was digitized for this purpose.

CTTTCFREEWAYSF: This sheet contains data for travel time cost for 3 S-2 combination

100



trucks on a freeway having a levd of service, F. The nomograph listed on page 58 of the
Manud entitted “Basic Section Cods (B) for 3-S2 Combination Trucks on Freeways' was
digitized for this purpose.

CTTTCFREEWAYNOSF: This sheet contans data for travel time cost for 3 S-2
combination trucks on a Freeway having a level of service. The nomograph listed on page 58
of the Manua entitled “Basic Section Cogts (B) for 3S2 Combination Trucks on Freeways’
was digitized for this purpose.

CTSPEEDARTERIALNOSF: This sheet contains the average running speed for 3 S-2
combination trucks on an Arterid facility without level of service. These codts are a function
of the vehicle to capacity ratio and the design speed. The nomograph listed on page 61 of the
Manud entitled “Badc Section Codts (B) for 3-S2 Combination Trucks on Arterids’ was
digitized for this purpose.

CTSPEEDTWOLANENOSF: This sheet contans the average running speed for 3 S-2
combination trucks utilizing the Two-Lane highway without a level of service These codts
are a function of the vehicle to capacity itio and the design speed. The nomograph listed on
page 60 of the Manua entitled “Basic Section Cogts (B) for 3-S2 Combination Trucks on
Two-Lane Highways’ was digitized for this purpose.

CTSPEEDMULTINOSF: This sheet has cost figures for average running speed of 3 S-2
combination trucks traveling on a Multi-Lane highway without a level of service. These codts
are a function of the vehicle to capacity ratio and the design speed. The nomograph listed on
page 59 of the Manud entitled “Basic Section Cogts (B) for 3-S2 Combination Trucks on
Multi-Lane Highways’™ was digitized for this purpose.

CTSPEEDFREEWAYNQOSF: This sheet has data on average running speed 3 S-2
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combination trucks on a Freeway without a level of service. These codts are a function of the
vehicle to capacity ratio and the design speed. The nomograph listed on page 58 of the
Manua entitted “Basc Section Costs (B) for 3-S2 Combination Trucks on Freeways' was
digitized for this purpose.

CTSPEEDARTERIALSF: This sheet contans the average running speed for 3 S-2
combination trucks on an Arterid facility with a levd of sarvice, F. These cods ae a
function of the vehicle to capacity ratio and the design speed. The nomograph listed on page
61 of the Manud entitted “Basic Section Costs (B) for 3-S2 Combination Trucks on
Arterids’ was digitized for this purpose.

CTSPEEDTWOLANESF: This sheet contains the average running speed for a 3 S-2
combination trucks utilizing the Two-Lane highway with a level of service, F. These cods
are a function of the vehicle to capacity ratio and the design speed. The nomograph listed on
page 60 of the Manua entitled “Basic Section Codts (B) for 3-S2 Combination Trucks on
Two-Lane Highways’ was digitized for this purpose.

CTSPEEDMULTISF: This sheet has cogt figures for average running speed of 3 S-2
combination trucks traveling on a Multi-Lane highway with a levd of sarvice, F. These codts
are a function of the vehicle to capacity reatio and the design speed. The nomograph listed on
page 59 of the Manud entitled “Basc Section Costs (B) for 3-S2 Combination Trucks on
Multi-Lane Highways’™ was digitized for this purpose.

CTSPEEDFREEWAYSF: This shet has data on average running speed for 3 S-2
combination trucks on a Freeway with a level of sarvice, F. These codts are a function of the
vehicle to capecity ratio and the design speed. The nomogreph listed on page 58 of the

Manua entitted “Basc Section Costs (B) for 3-S2 Combination Trucks on Freeways' was
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digitized for this purpose.

4.4 Internal Working and the File Structure

This section describes the interna working of the software The Visud Basic?® 5
project is gored in a file named HighwayCostsvbp. This file is converted to an executable
file titled “HighwayCostsexe’. This is an executable file meaning that the source code is not
avalable for editing. The executable file indudes dl the system files (.sys files), dynamic
link library files (.dll files) and ActiveX control files (.ocx files). All of the files needed to
ingdl the software are avalable in the Setup.exe. Once the Setup.exe file is run, the setup
wizard is activated. It tdls in a sysematic manner how to indal the software and dependent
files including the database. The database is stored in two files. The 1975 cogt tables are
dored in a file named basexls and the latest cost tables after updating from 1975 cost tables
are dored in current.xls. The basexls and the current.xIs files are stored in a directory labeled
“Database’. The setup files are located in the directory called “Setup’. These files are dready
ingaled on the West Virginia Divison of Highway server.

The software works when the HighwayCostsvbp file (The Visud Basic® 5 Project
file) which has dl the forms and module binds to the database usng the Data Control
Objects. These edtablish a link between the user and the daabase. Different tables are
accesed according to the input characteristics. Sets of interpolation are carried out to
compute the costs when the inputs are intermediate between two points in the nomographs.
Extragpolation is drictly avoided because the characterigic of the graph is unknown beyond

the end points.
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Updating technique is based on the formulas described in Chapter 3. Updating is
adways done with the 1975 cog tables as the base to minimize round off errors. This is the
reason basexis file (the file having the 1975 cog tables) is present dong with the current
price table (current.xls). When the user chooses to update the cost tables, a connection is
established with the basexls file. Costs are updated according to the formulas described in
Chapter 3. As soon as the updating is done, the basexls is saved as current.xls dynamicaly
by the code written. This ensures that the basexls file stays unchanged and a new current.xls

is created and ready for referrd.

4.5 Valid Rangesfor Inputsand Parameters

User inputs have to be consstent and valid for the proper functioning of the software.
Also, cdculaions can be completed only if dl the required inputs are entered. Severd
displays and error messages are designed to dert the user in case of missng or inconsstent
inputs. In the following, a number of possible inconsstencies are discussed.

The sat of vaid inputs to the software and their ranges are described in this section. It
is importart that the inputs be within the ranges specified in order to produce correct results.
If the inputs are out of range, a warning message will be displayed as “Inputs Out of Range'.
At this point the user is asked to reenter avaid input before the user can proceed.

The maximum number of sections that can be andyzed for a project is limited to 50.
This limit has been determined in consultation with the WVDOH officids. Entering a project
titte is mandatory. The vehicle mix must consst of passenger cars. Percentages of Single
Unit Trucks and 3 S-2 Combination Trucks must be entered even if they are equa to zero.

The Badc Section Cost darts with computing the average running speed. The user
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musgt sdect a unique facility and a corresponding service leve (F) of yes (Service Leve F is
present) or no (Service Level F is not present). The volume to capecity ratio ranges from O to
1 in increments of 0.10. The design speed for Freeway facility is 70 mph, 60 mph and 50
mph. This is the same for a Multi-Lane highway facility. The design speed for two-lane
highway ranges from 40 mph to 70 mph in increments of 10 mph. An Anterid fadility has a
range of 25 mph to 45 mph in increments of 10 mph. These vaues are the same for sngle
unit trucks and 3 S-2 combination trucks.

To compute the travel time cod, the user mugst enter the hourly vadue of time in
dollars. The grade costs are a function of the average running speed and grade percentages.
The grade percentage ranges from —8 to 8 in increments of one unit. That means that a grade
percent of 0.5 would be awrong input.

The curve costs is a function of the average running speed and degree of curvature.
The curve ranges from 1 to 30. This range of vaues applies dso to dngle unit trucks and 3
S-2 combination trucks.

Transtion costs depend on the initial speed and speed reduced and returned to. Vdid
vaues for the initid speed range from 80 mph to 5 mph in increments of 5 mph. The reduced
and returned to speed ranges from 75 mph to O mph (complete stop) in increments of 5 mph.

Intersection delay cost depends on the volume of the traffic on the road a the
intersection, capacity of the road, sgnd cycle time, effective green time and the intersection
approach speed (the range is from 5 mph to 55 mph). Intermediate vaues such as lambda,
capacity of gpproach and chi are computed depending on the above inputs. These inputs must
be such that the intermediate values computed fal in specific ranges. The vaue of computed

lambda must be between 0.2 and 0.8. The vaue of capacity of approach is between 200 and
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4,400. The value of chi is between 0.1 and 0.8.

The above mentioned ranges conform to the nomographs given in the Manud and
must be strictly followed.

In mogt cases, the user is required to enter a value for a variable or choose from a
drop-down menu. If the value entered is not included in the drop-down menu, the software
will not respond. For example, vaid choices for the design speed for a Freeway are 70 miles
per hour, 60 miles per hour and 50 miles per hour. Any speed other than the above-
mentioned values, such as 65 miles per hour, will result in the software not responding to the
input. Another example is the user input for vehicle to cagpacity ratio. It has a range from O to
1 in geps of 0.1. An input of 0.25 would be considered inconsigtent. The software also
assumes that percentage of cars is greater than zero for every section of a project. An input

of zero percent for cars will cause an error message to be displayed.

4.6 Example

The folowing example illustrates the use of the software. The software essentidly
does three tasks, namely calculating the user costs for a highway project, update the costs so
that the most recent cost tables are used, and perform an economic andyss to determine
project feasibility and comparison of dterndives.

The user enters the number of section in the screen shown in Figure 44. In this
example, the title of the project is Morgantown-Grafton and the number of section is 1.
Inputs for Basic Section cost shown in Table 4.2 ae common for dl type of vehicles

irrespective of the vehicle mix. The inputs for a paticular vehicle type beonging to the
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vehicle mix are shown in the Table 4.3.

Inputs Section 1
Fecility Freeway
Sarvice Leve No
V/C Ratio 0.6
Design Speed (mph) 70.0
Grade (%) -3.0
Curve Angle 4.0
Road Type High Type Surface

Table4.2: Inputsfor Basic Section Cost.

Inputs for Section 1 Passenger |Single Unit| 3 S-2Combination
Cars Trucks Trucks

Percentages 100 0 0

Average Speed (mph) 50 0 0

Hourly value of Time ($) 10 0 0

Travel Time Cogt ($) 616 0 0

Grade Cost ($) 174 0 0

Curve Cost ($) 37 0 0

Speed Change Cost ($) 5 0 0

Basic Section Cost ($) 832 0 0

Totd Basic Section Cost ($ per 1,000 -

Vehicle Miles)

Table 4.3: Inputsfor Basic Section Cost for the Vehicle Mix.

Table 4.4 shows the input for the accident cost. The three inputs for the accident costs
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are the number of fata accidents, the number of Injury Accidents and number of Property

Damage Accidents per year.
FATAL ACCIDENT 1
INJURY ACCIDENT 2
PROPERTY DAMAGE 3
ACCIDENT COST ($ PER YEAR) 1,067,400

Table4.4: The Accident Cost Table
Table 45 and Table 4.6 show the input for the Trangtion Costs and Intersection

Delay Costs respectively.

Inputsfor Transtion Cost

Initid Speed (mph) 40
Fina Speed (mph) 30
Direction Two-Way Section Cost

Trangition Cogt ($ 1,000 Vehicles) 8

Table 4.5: Inputsfor Transtion Cost

108



Inputsfor Intersection Delay Cost
Volume 480
Saturation Flow (VPH) 1650
Sgnd Cycde Time (Sec) 60
Green Time (Sec) 30
Intersection Approach Speed (MPH) 30
Lambda 0.5
Capacity of Approach 825
Chi 0.58
Delay Cost ($ per 1000 Vehicles) 49
Number of Intersections 5
Idling Cost ($ per 1000 Vehicles) 198
Intersection Delay Cost ($ per 1,000 Vehicles) 1,235

Table4.6: Inputsfor the Intersection Delay Cost
The length of the section is 5 miles and the annud daily traffic is 1,450. The formula
for the Total Road User Cogt is executed and the calculated value is $3,926,938 per year. The

average AADT isaso 1,450 and the Tota yearly cost per 1,000 daily vehicles $2,708.
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Chapter 5. Conclusions and Recommendations for Future Research

5.1 Conclusions

“A Manud on Usr Bendfit Andyss of Highway and Bus-Trangt Improvements’
published in 1977 by AASHTO provides guiddines for road user cost. Unfortunately, the use
of the Manud is cumbersome and eror-prone. In order to address this problem, an
application software was developed based on the 1977 Manud. The 1977 Manua is a
product of research sponsored by NCHRP. The project entitted “Highway User Economic
Anayss’ was performed under NCHRP Project 212 and formed the basis for the cost tables
and nomographsin the Manud.

The application software reported here was developed for the WVDOH to facilitate
the omputation of road-user cost, which forms one of the most important components of the
highway trangportation costs. Federa regulations require dl date departments  of
transportation to conduct an economic andyss for dl projects costing over twenty five
million dollars

This software provides highway planners with easy to use cgpabilities to perform
benefit-cost andyss for individud projects as well as compare various dternatives based on
severd engineering economy criteria. This software can be used to compute the road user
cogt for a project with up to fifty sections with varying characteristics. The road user codt is
cdculated as annudized costs. Provisons are made for updating the cost tables as the latest
consumer price indices and producer price indices become avalable Net Present Vaue

andysis has been used as an engineering economy tool to conduct the economic andysis. All
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components of cods that are incurred over the life cycle of a project are included in the
economic andyss. These include congruction costs, maintenance cods, right of way codts,
residual costs and road user cost.

Visud Basic® 5 has proved to be an effective front-end tool interacting with the
database tables stored in Microsoft Excel. The software can be used to perform andyss on
new projects as well as those which have been andyzed previoudy and saved in a file. The

user can dso add, delete, or modify a section as and when required.

5.2 Recommendations for Future Research

A lot of research is going on n the field of Engineering Economy. New concepts are
born that can be used to further enhance the bass for economic judtification of a project. Net
Present Vaue method can be used to decide whether a project is economicdly feasble or
not; but it done cannot justify economic decisons. Enhanced verson of the Net Present
Vdue techniques, which may include probabilistic approaches and risk factor andydss, can
be incorporated in future research.

New software application can be developed to integrate the current gpplication with
other highway evaduation gpplications. Vaious manuads such as the Highway Capacity
Manud can be consulted dynamically. The current gpplication can be further developed into
a full-fledged decison support sysem. As an extension of this project, it is ds
recommended to make this application web-based so that other state DOT’ s can use it.

It is dso recommended to perform an in-depth study to reflect the effect of the current

Highway Capacity Manud criteria on the road user cost analyss.
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West Virginia Department of Transportation

Divison of Highways

Highway User Benefit Analysis System

Softwar e User’s Manual

117



1. INTRODUCTION

The software described in this manual was developed to facilitate the use of the 1977
American Asociation of State Highway and Trangportation Officids (AASHTO) manud
entitled “A Manud on User Benefit Andyss of Highway and Bus Trangt Improvements’. It
peforms dl cost cdculaions dipulated in the Manud to compute road user cost for a
highway condruction or improvement project. In addition, the software can be used to
perform cost-benefit andyss for a single project and comparison of various dternatives.

The software consgts of the following two main modules:
1) Road User Cost Application, and
2) Economic Andyss.

The firda module is designed to caculate the road user cost for the consruction or
refurbishment of “uniform” highway sections. It is thus necessary to divide the project under
condderation into sections of reasonably Smilar geometric characterisics and  traffic
conditions before using this module. This module is aso used to update the road user cost
tables.

The Economic Andyss module is designed b help determine whether a given project
or certain project dternatives can be deemed economicaly justifigble.

Cog tables stored in this software must be updated annually so that project codts are

caculaed usng the most up-to-date cost figures.

118



2. SOFTWARE OPERATION

After clicking on the “Road User” icon in Windows, the “Welcome Screen”, shown
inFigure A1, will be displayed.

Road User Cost-Benefit Analysis Project
West Virginia Division of Highways

E Road User Coat
| Application

Feonomic ‘

Analvils ik ‘

Figure Al: The Welcome Screen

This screen has three buttons. The first button invokes a screen entitled “Road User
Cost Application” as shown in Figure A2. The “Economic Andyss’ button is used to
perform economic caculaions for a dngle project or comparisons of two dternaive
projects. Clicking on the third button, “ Quit” ends the program.

The “Road User Cost Application” screen has three command buttons.  The firgt
button, labeled “Caculate Road User Cogt”, is used to calculate road user cost for a project
having different sections of varying characterisics The cdculated codts, in dollars per

thousand vehicles, are those incurred by the road users.
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. ROAD USER COST APPLICATION [_ & ]x]

Road User Cost Application

— Update Cos
| dknrl Ui Tables and Back
Cost )
Indices

Figure A2: The Road User Cost Application Screen
The middle command button, which is labded “Update Cost Tables and Indices’, is
used to update the cost tables and consumer price indices for various cost components. This
is a task that must be done on an annua basis. The method of updating costs is explained in
subsequent sections. The “Back” button will take the user to the previous screen.
Clicking on the “Cdculate Road User Cost” button will invoke a new screen, ettitled
“Sartup”’, as shown in Figure A3. This screen is used for both new projects and existing

projects that have aready been saved.
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u STANTL [_[=]x]

Back ==

[ [ Cipen an
New Project| Existing
| Project

Figure A3: The Startup Screen

2.1 Cost Calculationsfor a New Project

Clicking on the “New Project” button brings up the “Number of Sections’ screen,
shown in Figure A4. The user can see the year for the codt figures in the top display box. If
the year displayed is not the most recent year for which the consumer price indices are
avallable, the user must go back to the screen shown in Figure A2 and proceed firg to update
the cost tables based on the latest indices. The second input is an aphanumeric title for the
project. An example of the name of the project is “Morgantown-Grafton Route 22°. A brief
description of the project and some notes can be entered into the “Comments’ section. The
next required input is the box where the user has to enter the number of sections. A “section”
is defined as a road segment that possesses characteristics conddered to be farly

homogeneous, it may be considered as the average of its smdler subsections.
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= HUMBER OF SECTIDNS

Calemlations are hazed on the Year 1997

Flease Enter the Project Title |

Comments

Pleagze Enter the MNumber of Boad
Sectons to be Considered

Back == | MNext ==

Figure A4: The Number of Sections Screen

The term “characteridic” is defined as the various attributes of a highway such as the
grade percent or curve angle or the type of road surface. The software dlows a maximum of
fifty sections to be included in each project. After entering dl the information in the input
boxes, the user clicks on the “Next” button which will invoke the screen labeled “Main
Screen”, as shown in Figure A5. This screen has four command buttons, namely “Basic
Section Cost”, “Accident Cost”, “Intersection Delay Cost” and “Trandtion Cost.” The
section number is displayed on the top of the screen. It darts with section 1 and is
automaticaly updated. This ensures that the user completes dl the sections one after another.

A hdpful feature of the software is the color of the four buttons, which is gray a the
outset. However, once a button is pressed and dl cdculations for that component are
completed, the button changes color to white. After dl the cost components are caculated,
and dl the buttons have changed colors to white, a button labeled “Next” appears, which the
user must press to go to the next screen.
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. MAIN SCREEN = (=] x|

The Current Section [}
HNumber is

Basic Section

Cost Accident Cost
‘s Intersection
Transition Cost Delay Cost
Back << Next >> 1

Figure AS: TheMain Screen
Pressng the “Basic Section Cog” hutton invokes a screen entitted “Vehicle Mix”,
shown in Figure A6. The user is required to enter the percentages of “Passenger cars’,
“Single Unit Trucks’ and “ 3 S2 Combination Trucks’ that make up the vehicle mix for the
section. If the volume of any of these vehicle types is conddered to be negligible, a vadue of
zero must be entered for that type. The sum of the percentages must equd to 100; otherwise
an error message will be displayed. When al the percentages are entered, the user clicks on

“Next” button to go to the next screen entitled “Basic Section Cogts for Passenger Cars’.
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& VEHICLE MIX [_T&] <]

Vehicle Mix for the Section

09 Passenger Cars |
09 Single Unit Trucks |

04 3 5-2 Combination Trucks 1
Next == 1

Figure A6: The Vehicle Mix Screen

The screen entitled “Basic Section Cogt for Passenger Cars’ is shown in Figure A7.
The user is prompted to enter the type of highway under consderation. The possible choices
ae “Freeway”, “Multi-lane Highway”, “Two-Lane Rurd Highway” and “Urban Arterid”.
These buttons are called “option buttons’ since only one choice is accepted from the user.
The next input is whether the level of service (F) or queuing is present or not. The user must
click on ether “Yes’ or “No.”  The next required input is the volume to capacity (V/C) rétio.
A drop-down menu appears that shows dl acceptable V/C raios. The next input is for the

design speed, which must be sdlected from one of the values shown in the drop-down menu.
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Wi, BASIC SECTION COST FOR PASSENGER CARS

 Vehicle Type

Press o Calculate Average Running Speed (MPH) for Passenger Cars

-Facility

" Freeway

" Multilane Highway

~ Two Lane Rural
Highway

¢ Urban Arterial

-Service Level (F)

 Yes

Vi Ratio

| B |

Design Speed

Back == Next ==

[_[5]x]

Figure A7: The Basic Section Cost for Passenger Cars Screen

these screens after clicking on the “Next” button.
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Desgn speed is defined as the speed sdected for the purposes of design in
correlation with specific features of the highway, such as curvature, super-devation, and
gght distance, on which the safe operation of a vehicle depends. The average running speed
is caculated on the bass of the given inputs with the press of the button “Press to Cdculae
Average Running Speed’. The average running speed is defined as the summation of
digance traveled by dl vehides or a specified cass of vehicles over a given section of
highway during a specified period of time, divided by the totd travel time The user must
then dick on the “Next” button to go to a new screen entitted “Travel Time Cog for
Passenger Cars’, as shown in Figure A8. For the convenience of the user, various
components of the Basic Section Cost (i.e. travel time codt, grade cost, curve cost, and the

gpeed change cost) are shown in different screens. The user is automaticaly led to each of



w. TRAVEL TIME COST FOR PASSEMNGER CARS | _ 5] x]

V/C Ratio Design Speed Howrly Value of
Time Per
Passenger Car ($)

o .

‘Press fo Calculate the Travel Time Cost (8/1000 vehicle miles) for Passenger Cmi |

Back == Next ==

Figure A8: TheTravel Time Cost for Passenger Cars Screen

The travd time cost screen requires only one input: the hourly vdue of time per
passenger car. Using this input, the travel time cost is cdculated with the clicking of the
button “Press to Calculate the Travel Time Cost for Passenger Cars’. The next screen is the
“Grade Cogt for Passenger Cars’ (Figure A9), where the software cdculates the grade cost
for the section under consderation. The input to this screen is the grade percentage and the
type of road surface. The former can be sdected from the dropdown menu, which displays a
lig of grades ranging from negative 8 to podtive 8. The road surface can be high type, grave
and stone, or earth type. The grade cost is digplayed in the output box. There may be certain
inputs (eg. the caculated average running speed) for which vaues are not avalable in the
database. In this case, the following message “Warning! The average speed (old) has been

replaced by the (new average speed).” is promptly displayed. The new vaue used is the
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nearest value obtained from the database, keeping dl other inputs (e.g. grade percentage)
congant and changing the varidble for which no corresponding value was found. The new
average running speed is displayed in the screen titled “Badc Section Cost for Passenger
Cars’ (Figure A7). The user has to repeat the cdculations for the grade and curve costs once

agan asthese vaues are affected by the new average running speed.

w. GRADE COST FOR PASSENGER CARS mEE

Average Running Grade Percent Road Surface |

Speed (MPH)
Iﬁf} Il vl ¢ High Type Surface

 Gravel and Stone Type

¢ Earth Type Surface

Press to Calculate Cost Due fo Grades (371000 Velifcle Miles) for Passenger Cars i i

Back ==

Next ==

Figure A9: The Grade Cost for Passenger Cars Screen
The next screen is the “Curve Cost for Passenger Cars’ (Figure A10). The user tes
to input the curve degree. The type of road surface sdected in the “Grade Cost for Passenger
Cars’ screen is carried over to this screen. On clicking the button labeled “Press to Cdculate
the Cost Due to Curves’, the curve cos is displayed in the output box. If the value for a set of
inputs is not avalable in the database, the nearest vaue is used as described earlier. The

speed change cost and the total Basic Section cost for the passenger cars are caculated in the
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next screen entitled “ Speed Change Cost for Passenger Cars’ (Figure A11).

&, CURVE COST FOR PASSENGER CARS M E
Average Running Curvature ~Road Type
Speed (MFPH) (Degrees)

" High Type Surface
50 vl

& Gravel and Stone Type

* Earth Type Surface

Press to Calculale Cost Due to Curves ($/1000 Vehicle Miles) for Passenger Cars i

Back == Next ==

Figure A10: The Curve Cost for Passenger Cars Screen
The next screen to be displayed depends on the vehicle mix entered previoudy. If the
percentages of the Single Unit Truck and Combination truck are zero, the next screen that

appearsisthe “Basic Section Codt for the Total Vehicle Mix” (Figure A12).
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w. SPEED CHANGE COST FOR PASSENGER CARS BEE

ViC Ratio ;--Service Lovel (F)
 Yes
~ No
Press to Calculate Cost Due to Speed Change ($/1000 Vehicle Miles) for Passenger Cars ! I

The Total Basic Section Cost is ($/1000 Vehicle Miles) For Passenger Cars |

Back <= Next ==

Figure A11: The Speed Change Cost for Passenger Cars Screen

. BASIC SECTION COST FOR THE TOTAL YEHICLE MIX

Total Basic Section Total Basic Section Total Basic Section Cost
Cost For Passenger Cost For Single Unit For 3 8-2 Combination
Cars Trucks Trucks

S08 0 I%?

% Passenger %o Single Unit %63 8-2

Cars Trucks Combination
Trucks

i100 io io

Press to Calculate the Total Basic Section Cost for the Vehicle Mix (/1000 Vehicle Miles)

—

Next ==

Back==<

Figure A12: The Basic Section Cost for the Total Vehicle Mix Screen
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However, if the percentage entered for Single Unit Truck or for Combination truck is
not zero, the software displays additiona screens labeled “Basic Section Cost for Single Unit
Trucks” and/or “Basic Section Cost for 3 S-2 Combination Truck”. A series of calculations,
smilar to passenger cars, will be repeated. The screen entitled “ Basic Section Cost for the
Tota Vehicle Mix” has the output box for the total Basic Section cost which is displayed
when the user clicks on the button labeled “ Press to Calculate the Total Basic Section Codt”.

This concludes the calculation of the Basic Section Cost. The user is returned back to the
“Main Screen” (Figure A5) as soon asthe “Next” command button is pressed. The user then
clicks on one of the other three buttons to calculate the other cost components.

If the user clicks on the “Accident Cost” command button, the software asks the
question “Do You Want to Caculate The Accident Cogt For This Section?’. On clicking the
“Yes' button the user is taken to the “Accident Cost” screen. If “No” is chosen, the color of
the Accident Cost button changes to white and no further action is taken here. The “Accident
Codt” screen (Figure A13) has the following inputs, “Fatd Accident (Number Per Year)”,

“Injury Accident (Number Per Year)” and “Property Damage Only (Number Per Year).”
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&. ACCIDENT COST [_[7]X]

Fatal Accident Injury Accident Property Damage Only
(Number Per Year) (Number Per Year) (Number per Year)

m m -

Press to Calcnlale Accident Cost (8 Year) for the Vehicle Mix i

Next ==

Figure A13: The Accident Cost Screen
If any of these accident results is consdered to be negligible, a value of zero must be
entered for that component. On the click of the button “Press to Caculate the Accident
Cod”, the annual accident cost is displayed in the output box.
Next, if the “Trandtion Cost” button is pressed, the question “Do You Want to
Cdculate Trangtion Cost For This Section? will be displayed. If the answer is “Yes’, the

“Trangtion Cost” screen will be displayed (Figure A14).
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i, TRANSITION COST = B

Initial Speed (WMPH) Speed Reduced and Percent Percent
Returned To (MFH) Trucks Combinational
Trucks

S [ ! !

¢ One Way Section Cost

¢ Two Way Section Cost

Press to Calculate the Transition Cost Due to Speed Change ($/1000 Vehicles) for the Vehicle Mix i

Next == ]

Figure Al14: The Transtion Cost Screen

The “Trangtion Cost” screen requires the following inputs: the initid speed of the
vehicle, the reduced speed, and whether the calculated cost is for a one-way or two-way
section. The speed data are in the form of dropdown menus, in which the user has to sdlect
from a lig and the number of ways is in the form of an option button. On dlicking the button
“Press to Cdculate the Trangtion Cod”, the trangtion cost is displayed in the output box.
The“Next” button takes the user back to the “Main Screen”.

The find cost component to be cdculated is the intersection delay cod. If the user
chooses to include the delay cost in the caculations, the “Delay Cost” screen (Figure A15)
will be displayed. To cdculate the Dday Cog, the following inputs are required: “Treffic
Volume', “Road Cgpacity”, “ Sgnd Cyde Time (Seconds)”, “Effective Green Time

(Seconds)”, “Intersection Approach Speed” and “Hourly Vaue of Time for Passenger Cas'.
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The intermediate components like green time to cycle time ratio (Lambda), capacity of

goproach and the volume to capacity ratio of approach are caculated on the click of the

button labeled “ Press to Calculate the Delay Cost”.

. INTERSECTION DELAY COST DUE TO STOPPING ME e
Volume Saturation Flow Signal Cycle Time Effective Green Intersection Approach Hourly Value of
(Capacity) (Seconds) Time (Seconds) Speed (5=1AS=55) Time for Passenger
Cars ($)
Ratio of Green Lambhda * Saturation Flow Volume / Capacity of Percent Trucks  Percent
Time to Signal (Capacity of Approach) Approach (Chi) Combination Trucks
Cycle Time
(L.amhda)

Press fo Calculale Delay Cost Due lo Stopping ($/1000 Vehicles) for the Vehicle Mix ’

Next == ]

Figure A15: The Intersection Delay Cost Dueto Stopping Screen

The next screen is entitled “Intersection Delay Cost due to Idling” (Figure A16)
where the idling cost is computed. The input data are the same as for the Delay Costs and are
displayed here for the user’s informaion. The user needs to enter only the “Number of
Intersections’. The Totd Intersection Cost (Delay Cogt + Idling Cost) is caculated and
dislayed in this screen. The user then goes back to the “Man Screen.” If & this time the
color of dl four buttons has changed to white, the “Next” button will gopear on the Main
Screen. This button leads to the screen labeled “Tota Cost” (Figure A17), where al the costs

caculated so far is displayed. The user is now required to enter the length of the section (in
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. INTERSECTION DELAY COST DUE TO IDLING

=
Lamda Chi Capacity (Vehicles Percent Percent
Per Hour) Trucks Combination
Trucks
50 58 825 0 0
Flease Enter the Numher of Intersections
Press to Calenlate Delay Cost Due to Tdling ($/1000 Vehicles) for the Vehicle Mix ’
The Total Intersection Cost is ( $/1000 Vehicles) for the Vehicle WMix
Baclk == Next == 1
Figure A16: The Intersection Delay Cost Dueto Idling Screen
w TOTAL COST =l x]

Project name: Morgantown-Grafton

Section numher: 1

The Equation for Calculating Annual Road User Costis ((B *L+ T +D) * 365 * AADT /1000) + A

Basic Section Cost  Accident Cost Transition Cost Intersection Delay Cost

(B) 8 (T) 0)]

Length of the Section (L) (Iiles) 5

Traffic Volume (Average Annual Daily Traffic) 1450

| Press 1o Calcnlate the Total User Cost ($/Year) for the Section i3’958’164

Section ! Finish

Figure A17: The Total Cost Screen
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miles). The total cost is displayed as soon as the button “Press to Caculate the Totd Cost” is
clicked.

If there are more ctions left to be included, the user will click on the “Next Section”
button which clears dl the screens and displays the “Main Screen” (Figure A5) with the
following section number. The same procedure is repeated and costs are calculated for the
new section. Once dl cdculations are completed for every section in the project, the “Next
Section” button becomes disabled and the “Finish” button is activated. As dl the sections are
completed a this juncture, the user may wish to view dl inputs and outputs on one screen.
This can be achieved usng the screen titled “View/Edit Results’, shown in Fgure A18
which is displayed when the “Finish” button (Figure A17) is pressed. The table displayed in
this screen is cdled a “Flexigrid” The user can widen the cdls of the grid to view dl the
cods. The left most column shows the input labels and the top most row shows the section
number. The user can peform a variety of operations by clicking on one the four “Section
Editing Buttons’ displayed. These buttons are “Edit a Section”, “Add a Section”, “Delete a
Section” and “Save the Project”. Edit a Section button is used to make modifications in a
particular section. If the user dlicks on this button, an input box will be displayed prompting
the user for the section number to be edited, after which the “Main Screen” will be displayed.
All caculations for that section can be repeated with the modified inputs.

If it is dedred to add a new section to the project, clicking on the “Add a Section”
button will take the user back to the “Man Screen”. The number of sections in the project
will be increased by one. However, if there are dready 50 sections in the project, no more
sections can be added. Attempts to increase the number of sections above 50 will result in an

Error message.
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The “Deete a Section” button is useful if the user is not interested in a particular
section and wants to remove it from the project. An input box will be displayed asking the
user to enter the section number to be deleted. Once the section number is entered, it is

automatically deleted from the project. Multiple sections can be deleted one by one.

SECTIONS 1 2 3 4 5 E 7 g H 10 11a
PERCENT 100

PERCENT 1]

PERCENT 1]

FREE'W&Y  False

MULTILANE True

T'w/0 LANE False

URBAMN False

SERVICE  False

SERVICE  True

WEHICLE 0.3

DESIGH 70

AVERAGE 58]

TIME 10

TRAVEL 340

GRADE B

HIGH TYPE False

GRAVEL  True

EARTH False

GRADE 208

CURVE 5

CURVE 110

SPEED 1]

Rjﬂlrf FRA _Id
4 L3

Sections Editing Buttons

Edit a Section | Add aSection | Delete a Section | Save the Project

Back | Next |

Figure A18: View/Edit Results Screen
Once the user is fully satisfied with the results, “Save the Project” button must be
pressed. A window, as shown in Figure A19, will be displayed and the “View/Edit Results’
screen will be dissbled. The user has to press the “Save’ button to save the project in a
desired directory. The project is then saved in an ASCII text file in the hard drive (C)) for
future retrievd and the “View/Edit Results’ screen is enabled. A message titled “ If you have

not saved the file, Please do s0” is digplayed as soon as the “Next” button is pressed. It is the
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responsbility of the user to save the file in the dedred directory. If the project is not saved a
this juncture, the user may lose dl information. On pressing the “OK” button of the message
box, the next screen titled “Inputs for the Project” screen (Figure A20) is displayed.

Save IQWinnt ] j gl i EE
HPFants hd Details

Program Filez [ Shortcut to Wikt (0]
Temp by

Users

venkatr

Winnt

File name; Save I
Save as type: ITe:-:t Filez[" t=t) j Cancel |

Figure A19: The Open/Save as Dialog Box
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Figure A20: Inputsfor the Project Screen
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Once the above steps are completed, the “Inputs for the Project” screen (Figure A20) will be
displayed. This screen summarizes the data for a section in a concise format ready to be
printed for archiva purposes The user can sdect any individua section to view. The firg
section is displayed by default. Subsequent sections can be viewed by sdecting the section
number from the dropdown menu shown just below the “ Section to View” |abd.

He can ds0 take printouts of the inputs by smply pressng the “Print” button. On
clicking the “Print” button, a window titled “Print Results’ is displayed as shown in Fgure

A21.

. PRINT RESULTS

Select Section Number to he Printed

| [

Print l Cancel l

Figure A21: The Print Results Screen
The user has to sdect a section number to print. He can print individud sections by
sdecting a particular section number from the dropdown titled “ Select Section Number to be
Printed” or sdect “All” from the dropdown to print al sections in successon. Each section

will be printed on a separate page. The file name will be shown in the lower right corner after

printing.
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Clicking on the “Next” button in Figure A20 will take the user to the “View Results’
screen (Figure A22).  This screen displays al the cost components of each section (ten
sections per screen) and the tota costs for the whole project. At this point the user can print

the results for future reference.

. VIEW RESULTS (SECTIONS 1 T0 10) HE B3
Title of the Project I

Section Basic Section Tramsition Cost  Intersection AADT Accident Cost (§ Section  Toial Road User

Numher ~ Cosi($per  ($per1000  Delay Cosi per year) Length  Cosis per Section
1000 Vehicle  Vehicles) (§per 100D (Miles) (§/Year)
miles) Vehicles)
| | | - -]
- | | | ! | | |
. | | | | ! ! |
_B | | | | | |
_ | | | | | |
_ | | | | | |
_ B | | | | | |
. | | | | | | |
| | | | | | |
| | | | | | |
N N .
| |
Print Cutput |  Back | Next |

Figure A22: The View Results Screen
The “Back” button helps the user go back to the previous screen. The “Next” button
helps te user to move to the next screen in case there are more than ten sections. Otherwise,
the “Next” button is replaced by the “End’ button, which helps the user to exit the software.
On pressing the “End” button, a window appears with a message “Do you want to go to a
New Sesson?’. If the user presses the “Yes’ button, the screen in Figure ALl appears. The

“No” button terminates the software.
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2.2 Opening an Existing File

To retrieve information saved in an exising file, the usr must dick on the “Opening
an Exiding Fl€’ button displayed in the “Startup” screen (Figure A3).  This would bring up
the open/saves didog box smilar to that shown in Fgure A19 from which the user sdects
the file to open. The user can dso browse through al directories to find the desired file.
Once a file is sdected, a new screen entitled “Opening an Exiging Fle' (Figure A23) will be
disdlayed. This screen shows the file name, the title of the project, brief comments on the
project and the number of sections. An input lox is dso shown prompting the user for the
section number to be viewed or edited. If the vaue entered for the section number to be

viewed is larger than the number of sections in the project, an eror message will be

displayed.

File Name |

Project Title |

Comments

Number of Sections ln This F
Project

Please Enter Section
Mumnber to be Viewed
and Press OK

Back == | OK

Figure A23: Opening an Existing File Screen

The user must enter a vaid section number and press the “OK” button to proceed to
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the “Main Screen’. A labd on top of the screen shows the section number being viewed.
The “Basic Section Codt”, “Accident Cost”, “Intersection Delay Cost” and “Trandtion Cog”
buttons are displayed on the screen. The user may press any one of them to view or make
changes to the cost components.

Due to the fact that change in inputs in one screen may affect other screens, the user
has to make sure that changes are reflected in dl the required screens. If the user fails to do
S0, error messages will be displayed. As an example, if the user wants to change the grade
percentage for passenger cars, he has to go to the “Grade Cost for Passenger Car” screen,
sdect a new grade percentage from the dropdown menu and click on the button “Press to
Cdculate Grade Cog” to complete the caculation. The new grade cost aso changes the total
Basic Section cogt, s0 the user has to proceed to the “ Speed Change Cost for Passenger Cars’
screen and click on “Press to Calculate the Speed Change Cost” to display the changed cost.

Once dl the necessary changes are made, the user clicks the “Next” button on the
“Main Screen” to move to the “Total Cost” screen. Here, the new @dts are displayed in their
respective output boxes. At this point it is dso possble to change the length of the section.
When the user is satisfied with the changes, the button “Press to Caculae the Tota Cogt for
the Section” must be pressed to display the new total cost.

The user can go to the next screen titled “View/Edit Results’ (Figure A18) where it is
possible to use the various editing buttons available. The old costs may be revised ether by
viewing each section as in the streen “Opening an Exiding Fle' (Figure A23) or by usng
the edit buttons in the screen “View/Edit Results’ (Figure A18). After making dl the
changes needed, the user must save al the work for future retrieval. The user can proceed to

obtain printouts of the projects after changes.
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2.3 Updating Cost Tables

All cost tables are stored in Excel worksheets. These tables must be updated annudly
s0 that caculated costs reflect the latest cost figures. The first step is to press the ”"Update
Cogt Tables and Indices’ button on the “Road User Cost Application” screen, shown in
Figure A2. Once this button is clicked, screen entitled “View/Update Indices’ (Figure A24)
is invoked. This screen opens and displays the base year and consumer price indices (CPI)
for dl price componerts: CPI (Fud), CPl (Motor Qil), CPI (Depreciation), CPI (Tires) and
CPl Maintenance) and the latest producer price indices (PPI), previoudy cdled wholesde
price indices like PP (Fud, Single Unit Truck), PPl (Fuel, Combination Truck), PPl (Motor
Qil), PPl (Depreciation, Single Unit Truck), PP (Depreciation, Combination Truck), PPl
(Tires), CPI (Totd) and WPI (Industridl Commodities) The user must enter the current year
and the latest CPI's and PPI's in the specified input boxes and click the “Save Changes and
Update Cost Tables’ button to update dl the tables. It should be noted that once the “Save
Changes And Update Cost Tables’ button is clicked, it may take severa minutes to complete
the update, and the user should wait for the didog box with the message: When asked if you
want to replace “current.xIs’, select “Yes”

The latest avalable vehicular accident costs, as published by the Nationd Safety
Council, must dso be entered. Once the updating is finished, the user goes back to the “Road
User Cogt Application” screen. If the user is not interested in any modifications, he can go
back to the “Road User Cost Application” screen by pressing the “Back (No Modifications) ”

button.
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. YIEW/UPDATE INDICES HmEE

YEAR CPI{Fuel) CPI {Motor CPI {(Depreciation) CPI CPI (Maintenance)
Oil) {Tires)
BASE (1975 [42.3 59.5 60.9 [63.4  [s1.7
PPI (Fuel, Single PPI(Fuel, PPI(Motor PPI(Tires) PPI(Depreciation, PPI(Depreciation, CPL Total WP Industrial
Unit Truck)  Combination Truck)  0ily Single Unit Truck) Combination Truck) Commodities
30.6 208 [s12  s6 5538 493 521 536
YEAR CPI{Fuel) CPI {(Motor CPI (Depreciation) CPI CPI (Maintenance)
0il) {Tires)
CURRENT
(I ! | | |
PPI (Fuel, Single PPI(Fuel, PPI(Motor PPI(Tires) PPI(Depreciation, PPI(Depreciation, CPL Total WEL
Unit Truck)  Combination Truck)  0il) Single Unit Truck) Combination Truck) Industzial |
Fatal Accident Injury Accident Cost Property Damage
Cost ($/Fatality)  ($/Injury) Only Cost ($/Accident)
ACCIDENT
COSTS | | |
Back (INo Save Changes And
Modifications) Update Cost Tables

Figure A24: The View/Update I ndices Screen
The Consumer Price Indices can be obtained form the Bureau of Labor Statistics
(BLS) dite on the World Wide Web a www.blsgov. This is the officid gte of the BLS and

is pat of U.S. Department of Labor. The firs step here would be to press an icon labeled

“Data’ which is a hyperlink to the address www.bls.gov/datahomehtml. Next, another icon

labeled “Series Report” must be chosen.  This page contains an input box for the user to enter
the series identity number to extract the latest Consumer Price Indices The latest identity
numbers have to be extracted for 1) CPI — Motor Fuel, 2) CPI — Motor Oil, 3) CPl —
Depreciation or New Vehicles, 4) CPl — Tires and 5) CPI — Maintenance,

The identity numbers for the CPI’s are shown in the Table Al.
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CONSUMER PRICE INDICES

IDENTITY NUMBER

CPl, Totd CUUROOO0SAO

CPl, Motor Fuel CUUROOOOSETB
CPI, Motor Oil CUURO0000S$47021
CPI, Depreciation or New Vehicle CUUROOOOSETAO1
CPl, Tires CUUROOOOSETCO01
CPl, Maintenance CUUROOOOSETD

Table Al. Consumer Pricelndicesand ther Identity Numbers

Once the identity numbers have been entered in the input box, the user must sdlect the
choice “All Years’ from the dropdown titled “Year(s) to Report for:” and press the button
“Retrieve Data’ after which the latest Consumer Price Indices will be displayed. The same
procedure has to be adopted to extract the producer price index (In 1975, the producer price
index was cdled Whole sde price index) which is used to ypdate the truck cost factors. Table
A2 shows the identity numbers for the producer price indices. The latest identity numbers
have to be extracted for 1) WPl — Industrid Commodities, 2) PPl — Fud, Single Unit Truck,

3) PPl — Fud, Combination Truck, 4) PPl — Motor Qil, 5) PPl — Tires and 6) PPl —

Depreciation, Single Unit Truck and 7) PPl — Depreciation, Combination Truck.

For any other query or information, the LABSTAT hdp desk can be contacted at

LABSTAT@bls.gov
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PRODUCER PRICE INDICES

IDENTITY NUMBER

WHI, Industrid Commodities WPUO3THRU15
PP, Motor Fud (Gasoline), Single Unit Truck WPUQ0571

PP, Motor Fuel (Diesel Fud), Combination Truck WPU057303
PP, Motor Qil WPUO0576

PP, Depreciation, <10,000 Ibs. (Single Unit Truck) WPU141105
PPI, Depreciation, >10,000 Ibs. (Combination Truck) WPU141106
PP, Tires WPUO07120105

Table A2. Producer Pricelndicesand ther Identity Numbers

The nationd safety council publishes the latest accident costs. The address for the

web dte for finding the latest accident codts is http://www.nsc.org/Irs/'statinfo/estcost8.htm.

The 1998 cods are as follows (Table A3). To find the fatdity and injury costs per accident,

the per injury cog figures from the Nationd Safety Council webste are multiplied by 1.17

and 1.50, respectively, as shown in Table A3.

Type of Accident Cost (Y/Accident)
Fatal Accidents $980,000 (*1.17) = $1,146,600
Injury Accidents $35,600 (* 1.5) = $53,400

Property Damage Only | $6,400

Table A3. Accident Costsfor the Year 1998
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2.4 Economic Analysis

Ancther gpplication of the software is to compute the present vaue of dl the annud
user benefits due to the improvement over the analyss period, and to compare this present
vaue with the computed present value of the project costs associated with the improvement.
A project (or project aternative) can be deemed economicdly judtifiable if the present value
of the project-related benefits exceeds e present value of al project-related codts. The user
clicks on the Button “Economic Andyss’ displayed in the “Wedcome’ screen (Figure Al),
to invoke the “Economic Andyss’ screen, shown in Figure A25, which includes three
buttons.

The “Net Present Vdue for Project with Congtant Growth” button is used to cadculate
the present vdue for a project that has a congant anticipated annud growth rate for
maintenance and user codts during the andysis period. On clicking this button, the screen

entitted “Economic andyss for Uniform Increese or Decreass” (Figure A26) will be

displayed.
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w DOIR RS ARALYTSRS

Economic Analysis
Ned Presemt Valwe For
Prajects with Constant “ m"j‘m"i ik il ‘ Bark ‘
Grawih

Figure A25: The Economic Analysis Screen

. ECONDMIC ANALYSIS FOR UNMIFORM INCREASE OR DECREASE HE R
Nam.e of Il Analysis Period (Years)
Project
Rate of Return (%)

First Year First Year Right Average Annual Average Annual
Construction Cost of Way Cost Maintenance Cost Road User Cost
(Thousand $) (Thousand $) (Thousand $) (Thousand $)
Growth Rate for Growth Hate for Road
MMaintenence Cost (%0) User Cost (%0)

Press to Caleulate Present Value (Thousand $) |

Back | End |

Print

Figure A26: The Economic Analysisfor Uniform Increase or Decrease Screen
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The user mugt input the analysis period (in years), the growth rate for road user cost
and maintenance cod, the rate of return, condruction costs and right of way costs for firg
year and average annua maintenance cost and average annud road user cost in the specified
input boxes. On cdlicking the button entitted “Press to Cdculate the Present Vaue', the
present vaue is caculated and displayed on the screen. The user can dso print the screen by
pressing the button “Print”.

To compare between two projects, the user has to click the button “Comparison
between Projects’ in the “Economic Andyss’ screen. A new screen entitled “Input Data for
Economic Anayss’ (Figure A27) will gopear. The user must input the rate of return and
andysis period in the input boxes and click on the “Next” button. The andyss period must

not exceed forty years.

. INPUT DATA FOR ECONOMIC ANALYSIS [ [=1x]

Comparison Between Two Projects

Title of the Base Alternative I

Title of the New Alternative I

Rate of Return (%o) |
Analysis Period (Years) |

Back

Next |

Figure A27: Thelnput Data for Economic Analysis Screen
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“Base or Alternative 0" screen, Figure A28, displays input boxes for congruction
cog, right of way cost, maintenance cost, road user cost and volume d traffic (corresponding
to the Totd Yealy Cost per 1000 Daly Vehicles and The Average AADT respectively,
cdculated in Figure A22. The input boxes appear dynamicdly depending on the andyss
period, i.e. if the number of years is ten, then ten sets of input boxes appear. After inputting
dl data for base or dternative, the user clicks on the “Next” button to go to the new screen
entitted “The New Alternative’, shown in Figure A29, which has the same dislay forma as
the previous screen. The data entered here pertains to the new dternative or the cogts of
making improvements to an exiging roadway. After dl inputs are complete, the user clicks
on the “Next” button to go to the screen where the net present vaue is cdculated. This
sreen is entitted “Net Present Vdue Andyss’, Figure A30, which dislays the net
congtruction codts, net right of way costs, net maintenance costs, and net benefits and the net
residual cost.

There ae ds0 severd boxes displayed in which the present vaue of the costs
(condtruction cost + right of way cost + maintenance cost) and present vaue of the benefits
ae shown. The present vaue of the benefit for the find year of anadysis period adso
incorporates the resdual cost. The user must click on the “Press to Cacuate the Net Present
Vaue' button to cdculate the present vaues of annua costs and benefits, the net present

vaue for each year and the overdl net present value.
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. BASE OR ALTERNATIVE D

Year Construction Right of Way Maintenance

0

Moo -1 S th R W b

—
(=]

Title of the Base Project

Costs (Thousand $)

Base or Alternative Zero

Road User Costs
(% per 1000

Vehicles) Volume

RESIDUAL I

Back | Next

=] x]

Figure A28: The Base or Alternative O Screen

. NEw ALTERNATIVE

Title of the New Alternative

Costs (Thousand §)

New Alternative

Road User Costs

Year Construction Right of Way Maintenance

0

W00 - v th R W bk

—
o

($ per 1000
Vehicles)

Volume

RESIDUAL

—

= E3

Figure A29: The New Alternative Screen
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The user can teminate this sesson by pressng the “End’ button. This button is
replaced by the “Next’ button if the analyss period exceeds 10 years. The screen shown in
Figure A30 had an analysis period of 10 years. In short, the last screen would rave the “End”
button required to terminate the sesson.

As an dterndtive, the user may compare between two or more projects that have
uniform cost increase/decrease by caculaing the present value for each project (see Figure
A25) and comparing between the projects.

% MET PRESENT VALUE ANALYSIS HEE

Title of the Base Project I

Title of the New Alternative I

Net Present Analysis
Year ang;:wﬁgn Net ﬁiﬂ of Maj:ti;ance Net Benefits PV of Costs PV of Benefits NPV

| | | | | | |

_ | | | ! ! |

i | | | | | |

| | | | | | |

i | | | | | | |

2 | | | | | |

i | | | | | | |

_ | | | | | |

_ | | | | | |

il | | | | | | |

_ | | | ! ! |

Press to Calculate the Net Present Value (Thousand $) |
NETRESIDUAL [ Print | Back | End |

Figure A30: The Net Present Value Analysis Screen

151



3. Valid Rangesfor Inputsand Parameters

User inputs have to be consstent and valid for the proper functioning of the software.

Also, cdculations can be completed only if dl the inpus are entered. Several display and
error messages are designed to aert the user in case of missang or incondggtent inputs. In the
following, a number of possible inconsstencies are discussed.
In most cases, the user is required to enter a vaue for a \ariable or choose from a drop-down
menu. If the vaue entered is not included in the drop-down menu, the software will not
respond. For example, valid choices for the design speed for a freeway is 70 miles per hour,
60 miles per hour and 50 miles per hour. A speed other than the above-mentioned vaues,
such as 65 miles per hour, will result in the software not responding to the input. Another
example is the user input for vehicle to capacity ratio. It has a range form 0 to 1 in seps of
0.1 increase. Aninput of 0.25 is consdered incons stent.

A different type of inconsgent input may occur when cdculaing intersection deay
cods. A number of intermediate vaues are cdculated like lambda (Retio of Green Time to
Signd Cycle Time), Capacity of Approach (Lambda * Saturation Flow or Capacity) and chi
(Volume / Capacity of Approach). The vadue of lambda must be between 0.2 and 0.8. The
vaue of capacity of approach is between 200 and 4,400. The value of chi is between 0.1 and
0.8. Intersection approach speed is between 5 to 55 miles per hour.

The software dso assumes that percentage of cars is greater than zero for every

section of a project. An input of zero percent for cars will result in an error message to be

displayed.
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4. Example

The fdlowing exarple illudrates the use of the software. The software essentialy

does three tasks, namedy cdculating the user costs for a highway project, update the costs so

that the most recent cost tables are used, and perform an economic andyss to determine

project feashbility and comparison of dterndtives.

The user enters the number of section in the screen shown in Figure 4.4. In this

example, the title of the project is Morgantown-Grafton and the number of section is 1. We

can have as many as 50 sections. Inputs for Basic Section cogt shown in Table A4 ae

common for dl type of vehicles irrespective of the vehice mix. The inputs for a particular

vehide type beonging to the vehicle mix are shown in the Table AS.

Inputs Section 1
Facility Freeway
Service Levd No
V/C Ratio 0.6
Design Speed (mph) 70.0
Grade (%) -3.0
Curve Angle 4.0
Road Type High Type Surface

Table A4: Inputsfor Basic Section Cost.
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Inputs for Section 1 Passenger |Single Unit| 3 S-2 Combination
Cars Trucks Trucks

Percentages 100 0 0

Average Speed (mph) 50 0 5

Hourly value of Time ($) 10 0 0

Travel Time Cost 200 0 0

Grade Cost 149 0 0

Curve Cost 32 0 0

Speed Change Cost 4 0 0

Basic Section Cost 385 0 0

Total Basic Section Cost ($ per 1000 .

Vehide Miles)

Table A5: Inputsfor Basic Section Cost for the Vehicle Mix.
Table A6 shows the input for the accident cost. The three inputs for the accident costs

ae the number of fatd accidents, the number of Injury Accidents and number of Property

Damage Accidents per year.
FATAL ACCIDENT 1
INJURY ACCIDENT 2
PROPERTY DAMAGE 3
ACCIDENT COST ($ PER YEAR) 1,067,400

Table A6: The Accident Cost Table
Table A7 and Table A8 show the input for the Trangtion Costs and Intersection

Deday Cogts respectively.
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Inputsfor Trangtion Cost

Initid Speed (mph) 40
Fina Speed (mph) 30
Direction Two-Way Section Cost

Trangtion Cogt (¥ 1000 Vehicles) 8

Table A7: Inputsfor Transtion Cost

Inputsfor Intersection Delay Cost
Volume 480
Saturation Flow 1650
Sgnd CydeTime 60
Green Time 30
Intersection Approach Speed 30
Lambda 0.5
Capacity of Approach 825
Chi 0.58
Delay Cost ($ per 1000 Vehicles) 49
Number of Intersections 5
Idling Cost ($ per 1000 Vehicles) 198
Intersection Delay Cost ($ per 1000 Vehicles) 1,235

Table A8: Inputsfor the Intersection Delay Cost
The length of the section is 5 miles and the annud dally traffic is 1,450. The formula
for the Total Road User Codt is executed and the calculated vaue is $3,926,938 per year. The

average AADT isaso 1,450 and the Totd yearly cost per 1,000 daily vehicles $2,708.
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